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Introduction to T-45C ConfigurationT-45C TS, ADV & IUT   ENG-01

Page 1-i

LECTURE GUIDE

(9-98) CHANGE 1

COURSE/STAGE:  TS, ADV & IUT / Engineering

LESSON TITLE:  Introduction to T-45C Configuration

LESSON IDENTIFIER:  T-45C TS, ADV & IUT   ENG-01

LEARNING ENVIRONMENT:  Classroom

ALLOTTED LESSON TIME:  1.3 hr

TRAINING AIDS:

* Wall Charts
T-45C Cockpit

* Figures
Fig  1: T-45C General Description
Fig  2: Electrical System Block Diagram
Fig  3: T-45C Engine
Fig  4: T-45C Fuel System Diagram
Fig  5: T-45C Hydraulic System Block Diagram
Fig  6: T-45C Landing Configuration
Fig  7: Landing Gear Controls and Indicators
Fig  8: Wheel Brake/Anti-Skid System Block Diagram
Fig  9: Nose Wheel Steering Major Components
Fig 10: Arresting Hook Operation
Fig 11: T-45C Flight Controls
Fig 12: Canopy System and Controls
Fig 13: Ejection Seat and Controls
Fig 14: Command Ejection Selector/Seat Light Switch (Aft Cockpit Only)
Fig 15: OBOGS
Fig 16: Environmental Control System
Fig 17: CNI Cockpit Controls
Fig 18: Display System and Controls



T-45C TS, ADV & IUT   ENG-01 Introduction to T-45C Configuration

Page 1-ii

TRAINING AIDS (cont.):

Fig 19: Display System
Fig 20: ACS
Fig 21: HUD Controls/Indicators
Fig 22: T-45C Wing Pylon (Underside View)
Fig 23: Cockpit Armament Controls/Indicators
Fig 24: Warning Light Panel
Fig 25: Caution Advisory Light Panel

STUDY RESOURCES:

* T-45C NATOPS Flight Manual, A1-T45AC-NFM-000

LESSON PREPARATION:

Read:
* Part I, Chapter 2, “Systems,” T-45C NATOPS Flight Manual,

A1-T45AC-NFM-000

REINFORCEMENT:  N/A

EXAMINATION:  N/A



Introduction to T-45C ConfigurationT-45C TS, ADV & IUT   ENG-01

Page 1-iii

ENGINEERING CONTENTS

ENG-01 Introduction to T-45C Configuration
ENG-02 Electrical System
ENG-03 Electrical System Malfunctions (CAI)
ENG-04 Engine and Related  Systems
ENG-05 Engine and Related Systems Malfunctions (CAI)
ENG-06 Engine Systems Malfunctions (CAI)
ENG-07 Aircraft Fuel System
ENG-08 Fuel System Malfunctions (CAI)
ENG-09 Hydraulic System
ENG-10 Hydraulic System Malfunctions (CAI)
ENG-11 Hydraulic Subsystems
ENG-12 Hydraulic Subsystems Malfunctions (CAI)
ENG-13 Flight Control System
ENG-14 Flight Control System Malfunctions (CAI)
ENG-15 Egress Systems
ENG-16 Egress Systems Malfunctions (CAI)
ENG-17 OBOGS & ECS/Pressurization System
ENG-18 OBOGS & ECS/Pressurization System Malfunctions (CAI)
ENG-19 Flight Instruments
ENG-20 Flight Instruments Malfunctions (CAI)
ENG-21 CNI System
ENG-22 CNI System Malfunctions (CAI)
ENG-23 Other T-45 Systems
ENG-24 INS/GPS Operations & Concepts
ENG-25 Display Systems Malfunctions (CAI)
ENG-26 Engine Start Procedures
ENG-27 Engineering Review (CAI)
ENG-28 Engineering Review
ENG-29X Engineering Block Examination (CAI)
ENG-30X Engineering Block Examination (CAI)



T-45C TS, ADV & IUT   ENG-01 Introduction to T-45C Configuration

Page 1-iv

THIS PAGE INTENTIONALLY  LEFT BLANK.
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39 ft 4 in

13 ft 5 in

T-45C
Performance Parameters

Takeoff Gross Weight Land/Cat (lb)
Usable Fuel Weight JP-4/JP-5 (lb)
Operating Weight Empty (lb)
Max Permissible Mach No./Airspeed
Max g

30 ft 10 in

14,500/14,200
2776/2904
10,560
1.04/550 KTS
+7.3, -3

NOTE: Max g is a design
specification. Actual
operating limitations are
contained in the T-45C
NATOPS Manual
Chapter Four with
interim changes.
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2 2

1

1 Internal Gearbox
Bearings

Combustion
Chamber

HS Gearbox

Intershaft
Bearing

Engine Fuel Controls
Cambox

Location
Bearing

Oil Tank

N   Compressor
N   Compressor N   Turbine

N   Turbine 

N   Compressor
Front Bearing

1

1

N   Turbine
Bearing

1

N   Turbine
Bearing

2
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BOOST
PUMP PUMP

GTS

ENGINE

THROTTLEMANUAL
FUEL SYSTEM

FUEL CONTROL
UNIT

 PUMPS
L P FUEL H P FUELINTEGRAL WING TANK

FUEL
SHUTOFF VALVE

FUSELAGE 
TANK

443 GAL. (3012 lbs.) TOTAL
427 GAL. (2904 lbs.) USABLE
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T-45C TS, ADV & IUT ENG-02 Electrical System

COURSE/STAGE: TS, ADV & IUT Engineering

LESSON TITLE:  Electrical System

LESSON IDENTIFIER:  T-45C TS, ADV & IUT ENG-02

LEARNING ENVIRONMENT:  Classroom

ALLOTTED LESSON TIME:  1.3 hr

TRAINING AIDS:

* Figures

Fig 1: Electrical System Block Diagram
Fig 2: Electrical System Block Diagram -- AC Power Relays Removed
Fig 3: Ground Power Panel
Fig 4: Fwd and Aft PWR Panels
Fig 5: Warning and Caution Advisory Panel Indications
Fig 6: Exterior Light Locations
Fig 7: Interior/Exterior Light Controls
Fig 8: Electrical Load Distribution

STUDY RESOURCES:

* T-45C NATOPS Flight Manual, A1-T45AC-NFM-000

LESSON PREPARATION:

Read:
* Part I, Chapter 2.3, “Electrical System,” T-45C NATOPS Flight Manual,

A1-T45AC-NFM-000

LECTURE GUIDE

(9-98) CHANGE 4
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REINFORCEMENT:  N/A

EXAMINATION:

Student is required to read electrical system paragraphs in the NATOPS
Flight Manual, receive classroom instruction, and complete assigned CAI
lesson(s).  The student shall demonstrate knowledge by completing, from
memory with 80% accuracy, true/false and multiple choice block examina-
tions.  The objectives in this lesson will be tested in either Engineering 29X
or Engineering 30X.
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LESSON OBJECTIVES

1.4.4.3.1
Recall major components of the electrical system

1.4.4.2.1
Recall operating characteristics of the electrical system

1.4.4.3
Recall function, purpose, and location of electrical system
controls, switches, and indicators

1.4.4.2
Recall interfaces between the electrical system and other a/c
systems

Original (9-98)



T-45C TS, ADV & IUT ENG-02 Electrical System

Page 2-2

MOTIVATION

You must understand the aircraft electrical system and its
interfaces with other systems to operate the T-45C safely and
efficiently.

OVERVIEW

This lesson will build on the knowledge of basic electrical system
operations you gained during previous training.

In this lesson we will be studying:

* Major electrical system components and operating
characteristics

* Function, purpose, and location of electrical system controls,
switches, and indicators

* Aircraft lighting system
* Interfaces between the electrical and other T-45C systems

REFRESHER

* The T-45C electrical system functions much the same as the
T-34 electrical system.

Original (9-98)
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PRESENTATION

I. Electrical system major component identification  1.4.4.3.1

A. Power generation and control

1. Generator

a. Location:  below engine, mounted on engine
accessory gearbox

b. Description

(1) Functional:  produces aircraft main source
of electrical power

(2) Physical:  28 VDC, 9 KW brushless
generator

2. Batteries

a. Location:  main equipment bay, mounted to
lower sections of frame 10, accessed through
forward equipment access door

Overlay 2
Batteries

Sg 1, fr 2
Lesson Organization

Sg 1, fr 3 (9 Overlays)
Fig 1:  Electrical
System Block Diagram

Overlay 1
Generator

ELECTRICAL SYSTEM

* Major component
identification

* Operational characteristics

* Aircraft lighting system

* Aircraft interfaces

Figure 1:  ELECTRICAL SYSTEM BLOCK DIAGRAM

Original (9-98)
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b. Description

(1) Functional

(a) Provide DC power to start aircraft

(b) Provide emergency power if generator
fails

(c) If generator will not reset, two good
batteries will give power for 27
minutes.  With only one good battery,
power will only be available for 12
minutes.

(2) Physical:  two sealed lead/acid 24 VDC, 18
AH batteries

3. Inverters

a. Location:  mounted on aft equipment access
door

b. Description

(1) Functional:  convert aircraft 28 VDC to
115 VAC and 26 VAC, 400 Hz, single-
phase power

(2) Physical:  two identical 500 W inverters

c. Generator Fail and Inverter No. 2 power input
relays removed on aircraft 165457 and up and
on aircraft 165456 and below with AFC 199
incorporated

B. Power control

1. Voltage regulator

a. Location:  under floor equipment compartment,
right side of aircraft

Overlay 3
Inverters

Overlay 4
Voltage Regulator

Original (9-98)
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b. Description:  controls generator output to match
electrical loads

2. Overvoltage unit

a. Location:  under floor equipment compartment,
right side of aircraft

b. Description:  monitors generator voltage and
takes generator off-line if output voltage
exceeds 30.2 VDC

3. Undervoltage unit

a. Location:  under floor equipment compartment,
right side of aircraft

b. Description

(1) At 25 volts or less deenergizes, illuminating
the GENERATOR warning light

(a) On aircraft 165456 and below without
AFC 199

(i) Activates relay disabling one
inverter illuminating AC INV
caution light

(ii) Activates relay disconnecting non-
essential AC bus

(b) On aircraft 165457 and up and on
aircraft 165456 and below with AFC
199 incorporated

(i) Both inverters remain on-line and
AC INV caution does not
illuminate

(ii) Activates relay disconnecting non-
essential AC bus

Overlay 5
Overvoltage Unit

Overlay 6
Undervoltage Unit

Original (9-98)
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(2) Functional:  monitors voltage on generator
bus

(3) Physical:  consists of transistorized voltage-
sensing, time-delay circuit and changeover
relay

PROGRESS CHECK

Question 1 — 1.4.4.3.1
In the event of a generator failure, approximately how long
will the batteries supply power?

ANSWER:  27 minutes with two good batteries, 12 minutes with
one battery

C. Power protection

1. Fuse

a. Location:  forward end of engine bay

b. Description:  connects generator to 28 VDC
generator bus and provides 300 amp generator
protection

2. Buses and circuit breakers

a. Location:  under floor equipment compartment,
accessed through forward equipment access
door

NOTE:  Because all breakers are on the
underside of the aircraft, the aircrew cannot
reset them during flight.

Overlay 7
Fuse

Overlay 8
Buses

Original (9-98)
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b. Description

(1) Three essential buses (two AC and one
DC) powered by battery power if generator
fails—e.g., IFF, fire detection, warning and
caution advisory panels, and UHF/VHF #1

(2) Three non-essential buses (two AC and
one DC) drop off the line if the generator
fails

(3) Push-pull thermal circuit breakers of
various amperage levels provide

(a) Bus connection for aircraft electrical
systems

(b) Isolation/protection for their respective
functions in the event of electrical
failures

PROGRESS CHECK

Question 2 — 1.4.4.3.1
Which electrical component monitors generator voltage and
takes the generator off-line if output voltage exceeds
30.2 VDC?

ANSWER:  Overvoltage unit

D. Power distribution relays and contactors

1. Location:  under floor equipment compartment

2. Description:  remote logic controlled relays

a. AC isolation relays disconnect non-essential
services 115 and 26 VAC buses from 115 and
26 VAC essential buses when generator goes
off-line

Overlay 9
Relays and Contactors

Original (9-98)
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b. Generator Fail and Inverter No. 2 Power Input
Relay

(1) On aircraft 165456 and below without AFC
199 -- relays disconnect one inverter
illuminating the AC INV caution light when
the generator fails

(2) On aircraft 165457 and up and on aircraft
165456 and below with AFC 199
incorporated

(a) Relays are removed, and both
inverters are wired directly to the
28 VDC essential services bus

(b) Both inverters remain on-line and AC
INV caution does not illuminate with a
generator failure

c. Three contactors provide bus connection to
battery and external power

Sg 1, fr 13
Fig 2:  Electrical
System Block Diagram
-- AC Power Relays
Removed

Figure 2:  ELECTRICAL SYSTEM BLOCK DIAGRAM -- AC POWER RELAYS REMOVED

Change 4 (9-98)
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II. Electrical system operational characteristics  1.4.4.2.1,
1.4.4.3

A. DC power system:  consists of two batteries, generator,
voltage regulator, overvoltage unit, two 28 VDC buses,
and undervoltage unit

1. Power generation

a. Main electrical power supplied by 28 VDC
brushless generator

(1) During ground starts the GEN WARNING
light will extinguish when a suitable DC
output is obtained 25-25.2 VDC (at
approximately 45% RPM)

b. As engine rpm or electrical loads change, the
voltage regulator controls output voltage
to 28.2-29.2 VDC by adjusting generator
excitation voltage

c. Overvoltage protection unit monitors generator
output and prevents voltage from
exceeding 30.2 VDC by shutting down
generator

d. If generator goes off-line

(1) MASTER ALERT light flashes

(2) GENERATOR warning light on warning
panel illuminates

(3) Warning tone sounds

NOTE:  The MASTER ALERT light and
warning tone may be canceled by pressing
the MASTER ALERT light.

Sg 2, fr 2
Lesson Organization

Sg 2, fr 3 (7 Overlays)
Fig 1:  Electrical
System Block Diagram

Overlay 1
Generator

Overlay 2
Voltage Regulator

Overlay 3
Overvoltage Unit

ELECTRICAL SYSTEM

* Major component
identification

* Operational
characteristics

* Aircraft lighting system

* Aircraft interfaces

Change 4 (9-98)
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2. Distribution

a. 28 VDC generator bus supplies non-essential
services and is distributed by three circuit
breaker panels

b. 28 VDC essential services bus links to 28 VDC
generator bus through two power isolation
diodes

(1) Power isolation diodes isolate essential
services bus from generator bus if
generator fails

(2) 28 VDC essential services bus power is
distributed by a single circuit breaker panel

(3) Charge batteries

3. Battery operations

a. Two 24 volt, 18 AH lead acid batteries supply
power to essential services bus

(1) Provide DC power during engine start

(2) If generator fails, supply emergency voltage
to 28 VDC essential services bus

b. Charged as long as generator is on-line and
batteries are connected to essential services
bus

c. Battery #1 supplies power to ground services
bus

(1) Provides DC power during refuel/defuel

B. AC power system:  consists of two identical 26/115 VAC,
400 Hz single phase inverters, two 26 VAC buses, and
two 115 VAC buses

1. Power generation

Sg 2, fr 10
(3 Overlays)
Fig 1:  Electrical
System Block Diagram

Overlay 6
Batteries

Overlay 4
Generator Bus

Overlay 5
28 VDC  Essential
Services Bus

Overlay 7
Ground Services Bus

Original (9-98)
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a. 26 and 115 VAC power developed by two
identical inverters powered by 28 VDC essential
services bus

b. Inverters are internally protected for input or
output faults

(1) Automatically reset when input fault clears

(2) Require manual reset for output fault

2. Distribution

a. 26 and 115 VAC essential buses provide
distribution for AC essential services

b. 26 and 115 VAC non-essential buses provide
distribution for non-essential services

c. When generator is off-line, 26 and 115 VAC
non-essential buses are taken off-line

d. Two 6 VAC buses provide distribution from
115 VAC essential and non-essential buses to
wing navigation and formation lights

C. Ground power system

1. Description

a. External 28 VDC power may be connected to
aircraft for

(1) Battery charging

(2) Ground maintenance

Overlay 1
Inverters

Sg 2, fr 14
External Electrical
Connections

Overlay 2
26/115 VAC Essential
Services Buses

Overlay 3
Non-Essential Buses

Original (9-98)
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b. Ground power panel

(1) External power monitor sw

(2) Ground power sw #1 and #2

NOTE:  Ground power switches used  for main-
tenance enabling additional systems to come
on line.

NOTE:  Starting the GTS with external power is
PROHIBITED.

c. EXTERNAL POWER RECEPTACLE access
door located on right side of fuselage just under
intake

Sg 2, fr 14, p 1
Fig 3:  Ground Power
Panel

Figure 3:  GROUND POWER PANEL

GROUP A

GROUP B

RESET
POWER

OFFEXT PWR
MONITOR

GND PWR
SWITCHING

GROUP C

GROUP D

Original (9-98)
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2. Normal operations:  external power contactor routes
external power to 28 VDC generator bus and
disables centralized warning system (CWS) (when
fuel shutoff handle is pulled) with exception of

a. Warning tone trigger

b. MASTER ALERT

c. FIRE

d. GTS FIRE

D. Fault protection analysis

1. Generator failure:  any malfunction may be
described as either an overvoltage or undervoltage
condition

a. Overvoltage:  if the generator voltage exceeds
30.2 VDC, the overvoltage relay takes the
generator off-line and all voltage is lost to the
generator bus resulting in the following:

(1) Disconnects 26 and 115 VAC non-essential
buses from inverters, removing all non-
essential AC loads

(a) HUD and right MFD in both cockpits
are disconnected

(b) Left MFD in both cockpits revert to ADI
display

NOTE:  After 2 minutes, a relay drops
power to the left MFD in both cockpit,
DEU, SADS, and VCR/CEU.

(2) On aircraft 65456 and below without AFC
199 -- one inverter disconnected to
conserve battery power, illuminating AC
INV caution light

Sg 2, fr 15
(6 Overlays)
Fig 1:  Electrical
System Block Diagram

Overlay 1
Undervoltage
Condition

Change 4 (9-98)
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(3) On aircraft 165457 and up and on aircraft
165456 and below with AFC 199
incorporated -- both inverters remain on-
line, AC INV caution does not illuminate

(4) Signal CWS

(a) MASTER  ALERT flashes

(b) Warning tone sounds

(c) GENERATOR warning light on warning
panel  illuminates

(d) AC INV caution light on caution
advisory panel illuminates only on
aircraft 165456 and below without AFC
199

(e) C AUG caution light on caution
advisory panel illuminates

(f) F PRES caution light illuminates
after 30 sec

b. Undervoltage:  If the generator output falls
below 25 VDC for more than 1.5 seconds, the
undervoltage sensing unit will detect the same
and illuminate the generator warning light and
drop the non-essential AC.  The generator IS
NOT taken off-line and may continue to operate
in an under-voltage condition.  The indications
will be the same as those stated above after an
overvoltage or when generator fails with the
following exceptions:

(1) HUD and right MFD in both cockpits will
continue to function until the batteries can
no longer sustain operations

(2) Left MFD in both cockpits will not be
affected

(3) The 2-minute relay does not come into play

Overlay 2
Overvoltage Condition

Change 4 (9-98)



T-45C TS, ADV & IUT ENG-02 Electrical System

Page 2-15

(4) The C AUG caution light does not illuminate

(5) The F PRES caution light does not
illuminate

NOTE:  If the generator continues to
operate at less voltage than the batteries,
then the battery voltage will drop until it
matches the generator voltage.

c. Generator reset:  may be attempted by
generator switch (RESET) and generator
brought back on-line if failure is transient

2. Battery failure:  battery voltage of approximately
17 VDC is required to reset the generator should it
be tripped off-line

3. Undervoltage unit failure (likely caused by a circuit
breaker failure)

a. No indication of failure on CWS

b. 26 and 115 VAC non-essential buses will not be
shed

c. Indications of undervoltage sensing unit failure

(1) BATTERY VOLTS meter on PWR panel
reads less than 25 VDC, with no generator
failure light

NOTE:  With an undervoltage sensing unit
failure, the generator will continue to
operate when operating in an undervoltage
condition unless manually secured.  An
undervoltage condition of less than normal
battery voltage will discharge the batteries.

Overlay 3
Battery Failure

Overlay 4
Undervoltage Unit
Failure

Change 4 (9-98)



T-45C TS, ADV & IUT ENG-02 Electrical System

Page 2-16

(2) AC instruments become erratic or fail as
inverters lose adequate DC voltage to
operate

NOTE:  inverter failure will occur at voltages
of 21.5 VDC or less and insufficient DC
voltage will preclude inverter reset.

4. Single inverter failure

a. AC INV caution light illuminates (along with
MASTER ALERT and caution tone)

b. GENERATOR warning light remains off

c. Non-essential AC services are lost

5. Double inverter failure:  indications same as single
inverter loss, except all AC services are lost

PROGRESS CHECK

Question 3 — 1.4.4.2.1, 1.4.4.3
What are the indications of an undervoltage unit failure?

ANSWER:  None, unless the generator actually begins to
produce low voltage.  The inverters will fail when DC voltage
falls below 21.5 volts.

Question 4 — 1.4.4.2.1, 1.4.4.3
What are the indications of a single inverter failure?

ANSWER:  The AC INV caution light illuminates with
loss of the non-essential AC services.

Change 4 (9-98)

Overlay 5
Single Inverter Failure

Overlay 6
Double Inverter
Failure
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E. Power system controls, switches, and indicators

1. PWR Panel

a. Location:  right console, both cockpits

b. Function

(1) Voltmeter (BATTERY VOLTS):  monitors
28 VDC essential services bus and
provides

(a) Battery voltage status indication when
generator is off-line or when starting
aircraft

(b) Generator voltage with generator
operating and on line

(2) Battery switches (BATT 1 and 2):  control
battery connection to 28 VDC essential
services bus

Change 4 (9-98)

Sg 2, fr 23, pg 1
Power Panel --
Forward Cockpit

Fig 4:  Power Panels
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Figure 4:  POWER PANELS
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NOTE:  Battery switches are not provided
in the aft cockpit.

(3) AC RESET switch:  spring loaded center-
on, used to reset AC inverter No. 1 or AC
inverter No. 2

(4) Generator (GEN) switch:  OFF/ON/RESET
positions allow control of generator

Sg 2, fr 23, pg 2
Power Panel -- Aft
Cockpit

Fig 4:  Power Panels

Change 4 (9-98)



T-45C TS, ADV & IUT ENG-02 Electrical System

Page 2-19

Figure 5:  WARNING AND CAUTION ADVISORY PANEL INDICATIONS

Sg 2, fr 24
Fig 5:  Warning and
Caution Advisory
Panel Indications

a. Location:  right side of instrument panel, both
cockpits

b. Function

(1) GENERATOR warning light illuminates
when generator is off-line

(2) AC INV caution light

(a) Illuminates if one or both inverters fail
(ALL AIRCRAFT) or is tripped off-line
by the Generator fail relay, aircraft
165456 and below without AFC 199

2. Warning and caution advisory panels

Change 4 (9-98)
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III. Aircraft lighting system

A. Exterior lighting

1. Navigation lights

a. Location

(1) Green on right wingtip

(2) Red on left wingtip

(3) White on tail

ELECTRICAL SYSTEM

* Major component
identification

* Operational characteristics

* Aircraft lighting system

* Aircraft interfaces

Figure 6:  EXTERIOR LIGHT LOCATIONS

Approach Light
Assembly

Formation Lights
Starboard Wingtip
Upper & Lower Surface
(Amber)

Strobe
(White)

Anti-Collision Light
(Red)

Port Navigation Light
(Red)

Tail Navigation Light
(White)

Anti-Collision Light
(Red)

Starboard Navigation Light
(Green)

Formation Lights Port Wingtip 
Upper & Lower Surface
(Amber)

Landing/Taxi
Light Assembly

Sg 3, fr 2
Lesson Organization

Sg 3, fr 3
Fig 6:  Exterior Light
Locations

Change 4 (9-98)
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b. Powered by:

(1) Wing:  115 VAC essential services bus
(stepped down to 6 VAC)

(2) Tail:  28 VDC essential services bus

c. Operate in either bright or dim in the following
modes

(1) Steady

(2) Flashed (approximately 90 flashes per
minute)

(3) Manually flashed (used as signal to deck
crew or wingman)

2. Anti-collision lights

a. Location

(1) Red rotating beacon, rearward on center
top fuselage

(2) Red rotating beacon, lower fuselage

(a) Gear up:  on

(b) Gear down:  off

(3) White high intensity strobe, center top
fuselage

b. Powered by 28 VDC generator bus

3. Formation lights

a. Location:  amber lights on upper and lower
surface of each wingtip

b. Powered by 115 VAC non-essential bus
(stepped down to 6 VAC)

Change 4 (9-98)
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Sg 3, fr 4
Exterior Light
Controls

Fig 7:  Interior/
Exterior Light
Controls
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Figure 7:  INTERIOR/EXTERIOR LIGHT CONTROLS

c. Operate in bright or dim mode

4. Taxi/landing light

a. Location:  right side of nose landing gear strut

b. Powered by 28 VDC generator bus

5. Controls/switches

a. Navigation lights:  controlled by four switches
located in fwd cockpit

Change 4 (9-98)
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Sg 3, fr 6
Interior Light
Controls

Fig 7:  Interior/
Exterior Light
Controls

(1) WING LIGHTS and TAIL LIGHTS:
BRIGHT/OFF/DIM switches, right console,
control individual lights

(2) NAV LIGHTS:  FLASH/STEADY switch,
right console, controls select operation
mode

(3) Exterior lights master switch, throttle
handle, controls all navigation lights

b. Anti-collision lights:  controlled by anti-collision
(A-COLL/STROBE) light switch on right
console, fwd cockpit

(1) In A-COLL position, upper and lower
rotating beacons operate

(2) In A-COLL/STROBE both position, all anti-
collision lights operate and strobe flashes
approximately 90 times per minute

c. Formation lights:  controlled by FORMATION
(BRIGHT/OFF/DIM) switch on right console of
fwd cockpit

d. Taxi/landing light:  controlled by the LAND/TAXI
(ON/OFF) switch on right console of fwd cockpit

B. Interior lighting

1. Description:  general cockpit lighting and lighting of
control units and indicators

a. Left/right console, center panel and console
strip lighting:  powered by 28 VDC generator
bus

b. Emergency lighting (single lamp in each flood
strip and map lights):  powered by 28 VDC
essential services bus

Change 4 (9-98)
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2. Controls/switches

a. Instruments, control panels/units, and light
plates on the main instrument panel are
powered from the 26 VAC non-essential bus

b. Instrument, control panels/units, and light plates
on the left and right consoles are powered from
the 115 VAC non-essential bus

c. Emergency lights are powered by the 28 VDC
essential services bus and illuminate
automatically

d. Map reading lights are powered by the 28 VDC
essential services bus and are available at all
times the bus is powered.  Map reading lights
are independently controlled with a dedicated
rheostat within each light

e. When WARN/CAUT Dim Select switch is on,
the intensity of the warning, caution, and
advisory lights is automatically dimmed

f. The MIP on/off switch is an integral part of the
MIP rheostat

IV. Electrical system aircraft interfaces  1.4.4.2

LESSON  NOTES

Refer to Figure 8 for a replication of the Electrical Load
Distribution list printed in NATOPS.  Note that the 28 VDC
Ground Services Bus is not shown.  However, it is depicted in
the NATOPS Electrical Distribution foldout.

Sg 5, fr 2
Lesson Organization

ELECTRICAL SYSTEM

* Major component
identification

* Operational characteristics

* Aircraft lighting system

* Aircraft interfaces

Change 4 (9-98)
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A. 28 VDC generator bus:  equipment powered

1. Cockpit flood lights

2. LDN/TAXI light

3. ANTI-COLL/STROBE lights

Sg 5, fr 4
Electrical Load
Distribution--Part 1

Fig 8:  Electrical Load
Distribution

Figure 8:  ELECTRICAL LOAD DISTRIBUTION

Change 4 (9-98)
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4. HUD

5. Right Hand-Multifunction Display (MFD)

6. VOR/ILS control

B. 28 VDC ground services bus:  equipment powered

1. Refuel/Defuel systems

2. Refuel Precheck system

3. Master Switch for battery #1 power

NOTE:  This switch is accessible, only when the
refueling access door on the outside of the left
engine inlet is opened (panel number 311EL).  It is
operated by a three-position switch in the upper part
of the compartment, marked FLIGHT, REFUEL,
DEFUEL.  When that door is secured shut, a probe
on the door holds the switch in the FLIGHT position,
which disengages the Refuel/Defuel systems and
the Master Switch for battery #1 power.

C. 28 VDC essential services bus:  equipment powered

1. EMERG lighting

2. NAV lights - TAIL

3. Display Electronics Unit (DEU) (for 2 minutes)

4. Left Hand-Multifunction Display (MFD)
(for 2 minutes)

5. TACAN

Sg 5, fr 4
Electrical Load
Distribution--Part 2

Change 4 (9-98)



T-45C TS, ADV & IUT ENG-02 Electrical System

Page 2-27

D. 115 VAC essential bus:  equipment powered

1. GPS/Inertial Navigation Assembly (GINA)

2. Warning/caution/advisory dimming (14/10 VAC)

3. Emergency NLG door actuator

E. 115 VAC non-essential bus:  equipment powered

1. Display Electronics Unit (DEU) cooling fan

2. Radar altimeter

F. 26 VAC essential bus:  equipment powered

1. Airborne Data Recorder

2. TACAN-Azimith computer

G. 26 VAC non-essential bus:  equipment powered

1. DEU

2. VOR/ILS/MB

3. Yaw damper

H. 28 VAC essential bus - left and right console lights

I. 6 VAC essential bus - NAV lights (wing)

J. 6 VAC non-essential bus - Formation lights

K. 5 VAC non-essential bus - Main instrument panel lights

What should the voltmeter read with both batteries
fully charged?

ANSWER: A minimum of 24 volts.

Sg 5, fr 4
Electrical Load
Distribution--Part 3

Fig 8:  Electrical Load
Distribution

?

Change 4 (9-98)
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SUMMARY

This lesson focused on the following topics:

* Major components and operating characteristics of the
T-45C electrical system

* Function, purpose, and location of the T-45C electrical
system controls, switches, and indicators

* Aircraft lighting system
* Interfaces between the electrical and other T-45C systems

CONCLUSION

The electrical system is one of the most vital systems on any
aircraft you will fly.  Knowing how to operate the system properly
and to analyze malfunctions is critical to the safety of your aircraft,
your fellow crew members, and yourself.

Sg 10, fr 2
Review Menu

Change 4 (9-98)
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Engine and Related SystemsT-45C TS, ADV & IUT   ENG-04

(9-98) CHANGE 5

COURSE/STAGE:  TS, ADV & IUT / Engineering

LESSON TITLE:  Engine and Related Systems

LESSON IDENTIFIER:  T-45C TS, ADV & IUT   ENG-04

LEARNING ENVIRONMENT:  Classroom

ALLOTTED LESSON TIME:  1.5 hr

TRAINING AIDS:

* Wall Charts
T-45C Cockpit

* Figures
Fig 1: Engine Fuel System Block Diagram
Fig 2: Engine Starting System Block Diagram
Fig 3: Engine Lubrication System
Fig 4: External Bleed Air
Fig 5: Engine Controls
Fig 6: Engine Oil Fill Gauge
Fig 7: Simplified Fuel System Block Diagram

LECTURE GUIDE

Page 4-i



T-45C TS, ADV & IUT   ENG-04 Engine and Related Systems

STUDY RESOURCES:

* T-45C NATOPS Flight Manual, A1-T45AC-NFM-000

LESSON PREPARATION:

Read:
* Part I, Chapter 2.1, “Engine,”  T-45C NATOPS Flight Manual, 

A1-T45AC-NFM-000
* Part I, Chapter 4, “Operating Limitations,” T-45C NATOPS Flight

Manual, A1-T45AC-NFM-000

REINFORCEMENT:  N/A

EXAMINATION:

Student is required to read engine system and related malfunctions
paragraphs in the NATOPS Flight Manual, receive classroom instruction,
and complete assigned CAI lesson(s).  The student shall demonstrate
knowledge by completing, from memory with 80% accuracy, true/false
and multiple choice block examinations.  The objectives in this lesson will
be tested in either Engineering 29X or Engineering 30X.

Page 4-ii



��������

	
��
���
����������������

�����
���������

������������ �!�"#����	$%�&�

�����������	
����

�������
����������	
��	��	�����	�����������������

�������
�������	��
��������
���
������	�����������������

������
��������������	��
�����������	��

������
������������	�����
�	���������	���	��	����������������	�
	���
�������������������	
�

������
��������
	����
����	
���
����������������������

������
����������
��������������������������������	��
����
������



�������'

	
��
���
����������������

�����
���������

������������ �!�"#����	$%�&�

��
���
���

�	���������
������������	���
�	�����������	��
����
���
���
������������������������������
	����
�������������	��
�	
������	�
��������	�������������	�
���
�
���	����������	����
�����	���

��������

�����������	��������������	��
������ 

! "��	
��	��	�����	�����#$%&'�������

! �������	��
��������
���
�����

! (�
�	���������	��������	���	��	��#$%&'�������������
�	�
	�����������������������	
�

! ���������
������

! ���
���������������������������	��
�#$%&'�������

���������

��������������
������������	��
������
�������������
�����
��������������
���	��
����������������������	
������	��



�������(

	
��
���
����������������

�����
���������

������������ �!�"#����	$%�&�

������
�
���

�� ����������������	
��	��	��������������	����������

���������
��

��������	
����
������	�
������������������������������
�����
��������������������	���������������
�������	����������
���	
��	
�����������	�

�� ������ ��������		�������������������)������	���
�	���
�
	����������
	)�������&&*+����	���
��

����������
���������	
���
���

���������	
�
������	������
	�
�

���������

���������	��������
��������������
	�
�

����������
��	����������
���
��������������
	�
�

��������	��
���
���
������
��������������

ManualNormal

LP Fuel
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Control Unit

Servo Pressure
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Throttle
Valve*

CAUTION LIGHT

ACCEL

PERCENT
RPM

Engine Control
Amplifier

Thermocouple
Junction Box

2T

N1

P1

P0

Includes Initial 
Shot Solenoid

EGT/T2

T6

�������������	�
������
��

� ���������	�
�
����
�����������
��
�

� ��������	�
��������
���
�����

� ����
�������������������������
�

� ���������
�����

� ���������

��������
����



��������

	
��
���
����������������

�����
���������

������������ �!�"#����	$%�&�

,� ����������������� ��������$�
������	�$���������$
�
����
������������������������������	���������
���
�����	�
	��

'� ����������
����	������� ������$�	��������������$�
�����
����$��	��
���
�������������

-� ���������
���������

��������	��
���
�������������
��������������

F U E L

S P IL L  F U E L

O IL

A IR

E L E C T R IC A L C O M M A N D

E L E C T R IC A L M O N IT O R IN G

1

R E A D Y  A D V IS O R Y  L IG H T S

LO W  P R E S S U R E
S H U T O F F V A L V E

S P E E D  P R O B E

E N G IN E

PILOT
DUMP VALVE

T O  A T M O S P H E R E

D U M P  V A L V E

S P E E D  P R O B E

S T A R T
V A LV E

D R A IN
V A L V E

D C  S T A R T E R
M O T O R

FUEL SPILL
VALVE

F U E L  S H U TO F F
V A L V E

O IL  P R E S S U R E  S W IT C H

P U R G E
V A L V E

T O  A T M O S P H E R E

10 0 R P M  N

CHECK VALVE

F U E L V E N T
T A N K

F U E L /O IL
P U M P

F ILT E R

G T S  O IL
T A N K

R E A D Y

READY

GTS

G T S

S T A R T
C O N T R O L

U N IT
A L T IT U D E

S W IT C H

E N G IN E
S T A R T

S W IT C H

E N G IN E
S T A R T

S W IT C H
G T S

S T A R T
B U T T O N

IGNITION
SWITCH

E S S E N TIA L  S E R V IC E S  B U S

GTS
START

BUTTON

IG N ITE R
U N IT

D R A IN
O V E R B O A R D

A IR
T U R B IN E
S T A R T E R

G T S

W IN G  T A N K
B O O S T P U M P

D IS T R IB U TIO N
U N IT

LEGEND

E C A

����������
���������	�����
���	
��������������
	�
�



��������

	
��
���
����������������

�����
���������

������������ �!�"#����	$%�&�

.� /����
�������
�
�0/#12

�� 3	���	� ����
�
���$�	�����	�����
�����������
��	���������

�� -���
���	� ������$�	���������	$�������
$
��
������������	��
�������
��
�������
�

�������
	�������������
	��	�

*� ��
��
�������
�
�0�#12

�� 3	���	� ���	�����	��)�
��������������
�	)

�� -���
���	� ���	������	�����
������
����������

�
	�����/#1�����
��
�������
�
��
�����������
4
�
�������
	�������������	
�����
�	)����

�
	������������������������
	)�������%&5

��������������������

6� 1��$�����������	�
	������01�7'82

�� 3	���	� ���	�����	�����������
�	)���������

�� -���
���	� �����
�������	���
����	99���
��
������
�������	�����
���
	��
�������
������
��	�

����������
��	�����
�������



�������)

	
��
���
����������������

�����
���������

������������ �!�"#����	$%�&�

��� �������	��
��������
���
��������������

���������
��

������������������������������������� ������!"��#����$����
��
���%�������
�������	
��	
����������
���	�	�����
	������������������������

�� ������

.� ��
����:�������	��
����	�

�� '	��
���	
�04
�
2 ���	��	��
���	
����������

��*�& .��
����
��
��	

0.2 '	��
���������:����
��	
�4���	��
���	

0��������
�	���
��
2

0*2 ;����������������4���	��
���	
����
������
�����������������%<5���������
	=�)������	99��

�� '	��
���	
�04�2 ��������	��
���	
����������
��%�% .��
����
��
��	��������
��������
��
����
�
����������
��������	��	�����	��������


4;#� ��;��
�����	��
����	��
��	�������
	)�$
������.. .�

�� ,��������
�04���	��
���	
���
2

0.2 4���	��
���	
����������
����
	�����
	���
���������
������������������)������
�
������)���������������)�������)�


0*2 1������	
�	��	�����������
�����������
	�
��������������������	��		���)������	��

����������
���������	
���
���

���������	
��	�������������
��
������
���

�������������	�
������
��

� ����
���	��������������������������

� �
��
���	�����
�
�������������

� ����
�������������������������
�

� ���������
�����

� ���������

��������
����



�������*

	
��
���
����������������

�����
���������

������������ �!�"#����	$%�&�

*� '	�����	��04
�
��	��
���	
���
2

�� 7�����
	��������	�
	����������
	�����
�
	����.>��������
����	99����������)������
4
�
��	��
��������
����������
��	�����	�

������


�� 7����4
�
���
���)�
��������������)��������	
����

������
����
����������	��
���������	�

6� (	��
�����
��	�

�� 4
�
�����4

�
��
�������)
������
����
	�������

�)������	�����	��������
�	��
�������


����������	��
���	
���
	�����	�)���������

�� ���
�������
�	)��)
������������������
��
�
	��4

�
��������
	��������	��
�	��)�
���

���
�	)

�� �)�
�������
�	)���������������
�����������
������
�
���������	
���������������
�	
�
���
���������������������������

%� �)���� ��������
����������
���)��������
����
����������)�������)�
������)����
	������)��
�	���
�����	99��������������

&� "	��	
�����������

�� �(" �����������������	���
�����
�	

�������	�����$���������
�	)������
���4

�

����������

0.2 "�)�
�� ��.<%5

0*2 "�)��	����	���
�� ��.<<5

062 ������������ ��&&�?�$�*5�������������0���
��������������	���2

�� �)�������������
��
��0�/#2 ����
�	�	����

���������

��	���������������
 �����	���������
�



Page 4-8

Engine and Related SystemsT-45C TS, ADV & IUT   ENG-04

b. Exhaust gas temperature (EGT):  thermocouple
junction box derives EGT information from two
thermocouples mounted in gas flow just aft of
N1 turbine

(1) T2 thermocouple, mounted in airstream
just aft of N1 compressor, measures input
(ambient) air temperature

(2) Military Rated Thrust (MRT):  610 degrees
C, time restricted to 30 minutes per flight
hour

(3) Maximum continuous:  550 degrees C, time
unrestricted

(4) Idle:  450 degrees C, time unrestricted

(5) Transient/acceleration:  645 degrees C,
time restricted to less than 20 seconds

(6) Ground start:  550 degrees C

(7) Transient during ground start:  20 degrees
C overshoot, time restricted to 10 seconds

(8) Airstart:  600 degrees C

(9) Transient during airstart:  50 degrees C
overshoot, time restricted to 10 seconds

c. Fuel flow

(1) Idle:  300-400 pph

(2) Maximum:  6410 pph

d. Fire detection system

(1) Consists of two sets of automatic resetting
firewire elements

(a) One encircles engine bay

Sg 2, fr 4
GTS and Engine
Firewire Location

Change 5 (9-98)
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Engine and Related SystemsT-45C TS, ADV & IUT   ENG-04

a. Catapult launch to preclude compressor surge
due to steam ingestion

(1) Valve commanded open when

(a) LAUNCH BAR is EXTENDED

(b) Weight on wheels

(c) N2 above 70%

(2) Valve held open until

(a) Weight off wheels or

(b) N2 below 70% rpm

(3) ACCEL caution light illuminated when valve
position disagrees with commanded
position, OPEN or CLOSED

PROGRESS CHECK

Question 1 — 1.4.6.2.1
What are the minimum and maximum normal fuel flow
indications?

ANSWER:
1.  Minimum:  300 pph
2.  Maximum:  6410 pph

Change 5 (9-98)
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Engine and Related SystemsT-45C TS, ADV & IUT   ENG-04

LESSON NOTES (cont.)

5. Throttle - IDLE WHEN RPM REACHES 15% N2
MINIMUM

a. Sub-idle fuel control unit (SIFCU) schedules
fuel to combustion chamber and lightoff must
occur within 15 sec

NOTE:  The C AUG caution light, MASTER
ALERT light and CAUTION TONE will
illuminate/sound during ground starts when the
RPM is between 30% and 36%

b.   Engine should accelerate to 45% within 28 sec

(1) At 45% N2:

(a)  GTS shuts down

(b)  Generator comes on line

(c)  READY advisory light goes out

(d)  Ignition is deenergized

6. Engine accelerates to IDLE ( approx. 52%) within
30 sec after

7. Advance throttle slowly to 70% N2. (SOP)

NOTE:  Bleed valve closure should occur at
61 +/- 4%.

8. Return throttle to idle stop and check N2  stabilizes
at ( approx. 55 +/-2% )

Overlay 5
Throttle - Idle

Overlay 6
45% N2  rpm

Change 5 (9-98)
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11. FIRE warning light:  indicates engine
bay temperature exceeds limits
(572 degrees F/300 degrees C)

12. TP HOT caution light:  indicates
tailpipe bay temperature exceeds limits
(302 degrees F/150 degrees C)

13. GTS FIRE warning light:  indicates
GTS bay temperature exceeds limits
(572 degrees F/300 degrees C)

14. EGT/RPM warning light:  indicates either
EGT or N1 RPM exceeds limits
(650 +/- 8 degrees C/112.4% +/- 1% RPM)

15. OIL PRESS warning light:  indicates low oil pressure
differential (<10 psi)

PROGRESS CHECK

Question 2 — 1.4.6.3
What cockpit control removes power from the starter
control unit?

ANSWER:  The ENGINE start switch (both cockpits), marked
ENGINE - OFF/ON/START (spring loaded from START to ON),
removes power to the starter control unit when set to the OFF
position.

Sg 3, fr 18
Engine Indicators,
11 - 12

Sg 3, fr 19
Engine Indicators,
13 - 15

Change 5 (9-98)
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Engine and Related Systems MalfunctionsT-45C TS, ADV, & IUT ENG-05

Page 5-i

COURSE/STAGE:  TS, ADV, & IUT  Engineering

LESSON TITLE:  Engine and Related Systems Malfunctions

LESSON IDENTIFIER:  T-45C TS, ADV, & IUT ENG-05

LEARNING ENVIRONMENT:  CAI

ALLOTTED LESSON TIME:  1.4 hr

TRAINING AIDS:

Figures
Fig 1: Engine Components
Fig 2: Engine Fuel/Control System
Fig 3: Engine Oil System
Fig 4: Engine Starting System
Fig 5: Engine Operating Limitations
Fig 6: Indications of Engine Overtemp

STUDY RESOURCES:

* T-45C NATOPS Flight Manual, A1-T45AC-NFM-000
* T-45C NATOPS Pilot’s Pocket Checklist, A1-T45AC-NFM-500

LESSON GUIDE

(9-98) CHANGE 6



T-45C TS, ADV, & IUT ENG-05 Engine and Related Systems Malfunctions

Page 5-ii

LESSON PREPARATION:

Read:
* Part I, Chapter 2, Section 2.1, “Engine System,” and Section 2.1.2,

“Operation,”   T-45C NATOPS Flight Manual, A1-T45AC-NFM-000
* Part I, Chapter 4, Section 4.2, “Engine Limitations,” T-45C NATOPS

Flight Manual, A1-T45AC-NFM-000
* Part V dealing with engine and related systems malfunctions, T-45C

NATOPS Flight Manual, A1-T45AC-NFM-000
* NATOPS Pilot’s Pocket Checklist, A1-T45AC-NFM-500
Review:
* Lecture Guide for Eng-04, “Engine and Related Systems”

REINFORCEMENT:  N/A

LESSON EXAMINATION:

Student is required to read engine system and related malfunction
paragraphs in the NATOPS Flight Manual, receive classroom instruction,
and complete assigned CAI lesson(s).  The student shall demonstrate
knowledge by completing, from memory with 80% accuracy, true/false and
multiple choice block examinations.  The objectives in this lesson will be
tested in either Engineering 29X or Engineering 30X.
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Engine and Related Systems MalfunctionsT-45C TS, ADV, & IUT ENG-05

REFRESHER

Recall:

* Normal operation of the engine and related systems from Eng-04

* The location and function of T-45C cockpit engine indicators, warning and
caution advisory panel, FIRE light, and MASTER ALERT light

* The T-45C Warning and Caution Advisory lights associated with the
engine system

PRESENTATION

I. Engine overtemp  1.8.1.1.4.1

A.  Indications

1. EGT reads above normal (over 610 degrees C)

NOTE:  The maximum transient temp is 645 degrees C for less
than 20 seconds.  (The CWS will activate when the temperature is
650 +/- 8 degrees C.)

2. MASTER ALERT flashes

3. Warning tone sounds

4. Warning panel:  EGT/RPM light illuminates

NOTE:  The probable cause of this malfunction is an uncontrolled
fuel flow due to a malfunctioning ECA.  If this is the case, the ECA
caution light will illuminate prior to the above-mentioned
indications.

B. Verifications same as indications

C. Effects on flight safety

1. Possible engine/aircraft damage

2. Possible loss of thrust

3. Possible fire

Fig 1:  Engine
Components
Fig 2:  Engine Fuel/
Control System
Fig 3:  Engine Oil
System
Fig 4:  Engine
Starting System
Fig 5:  Engine
Operating Limitations

Fig 6:  Indications of
Engine Overtemp

Change 6 (9-98)
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Engine and Related Systems Malfunctions

Page 5-20

T-45C TS, ADV, & IUT ENG-05

Figure 5:  ENGINE OPERATING LIMITATIONS

Notes:

1. Bleed valve closed.  This nominal RPM will vary depending on engine loading, air bleed, ambient conditions and altitude.

Refer to NATOPS Flight Manual figure 4-2.

2. Maximum overshoot of 20°C for 10 seconds.

3. Maximum overshoot of 50°C for 10 seconds (the EGT/RPM warning light will operate at 650° + 8°C).

4. Maximum shift in engine idle RPM between the Poststart and Engine Shutdown checks, corrected for standard day, is two

percent.

F 405-RR-401  OPERATING LIMITATIONS

TIME LIMITCONDITION
MAXIMUM
RPM (%)

MAXIMUM
EGT  (  C)

104

104

100

55 + 2
(Note 1)

--

--

610

645

550

450

550

600

30 MIN/Flight Hour

Less than 20 sec

     --

     --

(Note 2)

(Note 3)

Military Rated Thrust (MRT)

Transient/Acceleration

Maximum Continuous

Idle

Ground Start

Airstart

Change 5 (9-98)
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THROTTLEMANUAL
FUEL SYSTEM

FUEL CONTROL
UNIT

 PUMPS
L P FUEL H P FUELINTEGRAL WING TANK

FUEL
SHUTOFF VALVE

FUSELAGE 
TANK

443 GAL. (3012 lbs.) TOTAL
427 GAL. (2904 lbs.) USABLE
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LEGEND

FUEL

VENTING

FUEL TRANSFER
PRESSURE AIR

PRESSURE AIR

DATUM AIR

F/F

RETRACT

W IN G  T A N K
(L E F T )

W IN G  T A N K
(R IG H T )C O L L E C T O R

T A N K

F U SE L A G E
T A NK V E N T

T A N K

G T S
S U P P L Y

M A IN
V E N T

D R O P  T A N K
S T A T IO N  (L E F T )

D R O P  T A N K
S T A T IO N  (R IG H T )

GTS
SPILL
RETURN

H IG H  L E V E L
F L O A T  S W I T C H

M

BLEED
VALVE

IN W A R D
R E L IE F
V A L V E

R E F U E L /
D E F U E L
C O U P L IN G

T R A N S F E R  V A L V E

RESERVOIR

C H E C K
V A L V E

P R E S S U R E
R E F U E L IN G
V A L V E

V A P O R
R E L E A S E
V A L V E

E N G IN E
S U P P L Y

F U E L
S H U T O F F
H A N D L E

FUEL FLOW
TRANSMITTER

F U E L  P U M P
P R E S S U R E
S W IT C H

D E F U E L IN G
V A L V E

B Y P A S S
V A L V E

     F U E L  

IN W A R D
R E L IE F
V A L V E

TANK
PRESSURE
CONTROL VALVE

AIR FILTER/
GROUND AIR
CONNECTION

E N G IN E
N 2

F U E L  D R A IN
V A L V E

D A T U M  A IR
IN T A K E

  F  P R E S

T o  F  P R E S  L ig h t

BOOST
PUMPS

LAUNCH BAR

EXTEND

9.5 psi 4.0 psi

D UA L
D AT UM
R EL IE F
V AL VE

N E G A T IV E  ’G ’ C O M P A R T M E N T

A R R E S T IN G  H O O K

TANK
RELIEF
VALVE

F L IG H T
R E F U E L
D E F U E L
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or Boost Pump Failure
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T-45C TS, ADV & IUT ENG-10

LESSON OBJECTIVES

1.8.1.5.2.1
Identify indications of uncommanded RAT extension

1.8.1.5.8.1
Identify indications of HYD 1 and 2 accumulator failures

1.8.1.5.6.1
Identify indications of HYD 1 slow loss of pressure

1.8.1.5.7.1
Identify indications of HYD 2 slow loss of pressure

1.8.1.5.4.1
Identify indications of HYD 1 EDP failure

1.8.1.5.5.1
Identify indications of HYD 2 EDP failure

1.8.1.5.1.1
Identify indications of RAT failure

1.8.1.5.9.1
Identify indications of HYD 1 and 2 failure (RAT operating)

1.8.1.5.3.1
Identify indications of total hydraulic failure

(9-98) Original



Hydraulic System Malfunctions

Page 10-2

T-45C TS, ADV & IUT   ENG-10

MOTIVATION

Your flight control surfaces are hydraulically operated--with no mechanical
backup.  Any hydraulic system failure is serious.  In the worst case--if you lose
all hydraulic power--the airplane is unflyable.

These malfunctions may not occur in isolation; one might well cause another.
These CAI lessons teach you only the indications of each malfunction and their
associated safety implications.  Emergency procedures are taught later in the
curriculum.

OVERVIEW

This lesson is intended to familiarize you with the indications of malfunctions
that could occur in the T-45C hydraulic system.  In addition, you will learn how
to verify the indications (if necessary) and what each malfunction means in
terms of aircraft operation and flight safety.

Specific procedures for emergencies are not discussed directly in this lesson,
although some may be obvious.  Later in your training, you will learn exactly
what to do in response to these malfunctions.  In the simulator, you will be
expected to recognize the indications you learn today and to take the correct
action.

This lesson presents indications of the following hydraulic system malfunctions:

* Uncommanded ram air turbine (RAT) extension

* Flight control accumulator failure

* HYD 1 and HYD 2 slow pressure loss

* HYD 1 and HYD 2 hydraulic pump failure

* RAT failure

* HYD 1 and HYD 2 failure (RAT operating)

* Total system failure

REFRESHER

* Recall the location and function of cockpit hydraulic indicators and switches,
warning and caution advisory panel and master alert light.

* Recall the warning and caution advisory lights associated with the hydraulic
system.

(9-98) Original



Hydraulic System Malfunctions

Page 10-3

T-45C TS, ADV & IUT ENG-10

PRESENTATION

I. Uncommanded ram air turbine (RAT) extension

A. Indications

1. RAT caution light illuminated

2. HYD 2 caution light not illuminated

NOTE:  The RAT should extend only when HYD 2 pressure drops
to approximately 1500 psi.  The HYD 2 caution light should
illuminate at 1660 +/- 110 psi, before the RAT deploys.

B. Verifications

1. Visual confirmation

2. Setting LIGHT/TONE TEST switch to LIGHT TEST
position verifies that HYD 2 light is operable

3. RAT may be reset

NOTE:  With engine at 45% rpm or more, the HYD 2 RESET button
may retract the RAT as long as HYD 2 EDP is operational and
pressure is above 1800 psi.

C. Effects on flight safety:  if RAT not operating, then no flight control
backup if HYD 2 fails

II. Flight control accumulator failure

A. Indications

1. Ground:  absence of adequate accumulator pressure during
preflight

NOTE:  The accumulator gauges for both systems are located in
the main wheelwells--system 1 on the right, system 2 on the left.
Each gauge should show 1100 +/- 50 psi.

2. In flight

a. Both systems, including accumulators, supply continuous
hydraulic power to flight controls

b. With systems operating normally, no indication of a single
accumulator failure:  if one accumulator fails, then redundant
accumulator provides adequate pressure damping and reserve
power

(9-98) Change 2

Fig 1:  Hydraulic
System

Fig 2:  Caution
Advisory Panel

Fig 1:  Hydraulic
System
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c. If aircraft operating on only one system and that system’s
accumulator fails or if both accumulators fail at once, then
controls rely on EDP pressure only

(1) Flight controls may not respond smoothly

(2) Momentary loss of normal control on high demand

B. Verifications:  erratic flight control response during periods of high
demand (a large or rapid control stick displacement)

C. Effects on flight safety

1. If both accumulators fail, controls rely on EDP pressure only

2. High systems demand maneuvering could result in rough control
responses and possible loss of maneuverability

III. HYD 1 and HYD 2 slow pressure loss

A. Indications:  in flight, pressure in either system is lower than normal or
visibly decreasing, as indicated by HYD 1 or HYD 2 pressure gauges in
both cockpits

B. Verifications

1. HYD 1

a. Pressure continues decreasing

b. At approximately 1500 psi, loss of general services (e.g., speed
brake) noted

c. At 600 +/- 50 psi

(1) MASTER ALERT light flashes

(2) Caution tone sounds

(3) HYD 1 caution light illuminates

2. HYD 2

a. Pressure continues decreasing

b. At 1660 +/- 110 psi

(1) MASTER ALERT light flashes

(2) Caution tone sounds

(3) HYD 2 caution light illuminates

(9-98) Change 2

Fig 3:  Hydraulic
Pressure Gauges

Fig 2:  Warning and
Caution Advisory
Light Panel
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c. After pressure has dropped below 1500 + 100 psi, RAT will
deploy and the RAT caution light will illuminate

d. If pressure drop due to fluid loss, pressure may temporarily rise
and cycle after RAT extends but then will continue to drop

NOTE:  The HYD 1 & 2 caution lights indicate EDP pressure
only.  Since the EDP is the sole source of hydraulic pressure in
the HYD 1 system, the HYD 1 gauge normally reflects the
serviceability of the pump.  The only exception to this would be
loss of pressure due to hydraulic fluid leakage.  The HYD 2
gauge shows system pressure resulting from either the HYD 2
EDP or the Emergency Hydraulic System.  Neither the pump or
the RAT will maintain HYD 2 pressure if a system leak depletes
HYD 2 system reservoir.  Should HYD 2 fluid depletion result in
less than 700 psi system pressure, spring tension will cause
the RAT to automatically retract, however, in-flight aerodynamic
loading may prevent retraction.

C. Effects on flight safety

1. HYD 2 or Emergency Hydraulic System maintains hydraulic
pressure for flight controls if HYD 1 fails

2. HYD 1 maintains pressure for flight controls if HYD 2 fails

3. If pressure loss is in HYD 1, normal operation is lost for landing
gear, brakes, flaps, slats, hook, speed brakes, nose wheel steering
(NWS), and launch bar

NOTE:  Proper use of emergency backup systems for these
services is covered in NATOPS and is the subject of future lessons.

4. Loss of fluid in both systems would render aircraft unflyable

IV. HYD 1 and HYD 2 hydraulic pump failure

A. Indications

1. HYD 1

a. Low pressure or rapid pressure loss, as indicated by HYD 1
pressure gauge

b. Possible noise and vibration associated with deteriorating pump

c. CWS and auditory cautions noted (pressure below 600
+ 50 psi)

Fig 1:  Hydraulic
System

(9-98) Original
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2. HYD 2

a. Rapid pressure loss, as indicated by HYD 2 pressure gauge

b. Possible noise and vibration associated with deteriorating pump

c. CWS indications activate at 1660 + 110 psi

d. RAT extends at approximately 1500 psi, and HYD 2 pressure
gauge indicates Emergency Hydraulic System pressure cycling
between 2500 and 3000 psi

NOTE:  Compare this to the indications associated with fluid
loss, as discussed earlier.  Notice that if the failure of HYD 2
results from an EDP failure (with no leak), then pressure is
supplied by the RAT.  If the failure includes a complete or
continuing loss of fluid, then cycling pressure (indicative of RAT
operation) may be only temporary, if it occurs at all.

B. Verifications

1. For HYD 1, loss of normal operation of landing gear, brakes, flaps,
slats, hook, speed brakes, NWS, and launch bar

2. For HYD 2, RAT continues to operate normally—i.e., pressure
continues to fluctuate between approximately 2500 and 3000 psi

3. If pump failure is associated with leak, fluid loss may be visible to
pilot or another aircraft

4. HYD 2 caution light ON

C. Effects on flight safety

1. Aircraft operating without flight control redundancy

2. Loss of general services

V. RAT failure

A. Failure to extend

1. Indications

a. HYD 2 pressure falls below 1500 + 100 psi

b. MASTER ALERT has flashed, caution tone has sounded, and
HYD 2 caution light is illuminated

Fig 2:  Warning and
Caution Advisory
Light Panel

(9-98) Original
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2. Verifications

a. No HYD 2 pressure fluctuation (between 2500 and 3000 psi)

b. RAT caution light not illuminated

c. Visual confirmation from another aircraft

(1) RAT not extended

(2) RAT extended and spinning but still no pressure

B. Failure to operate

1. Indications

a. RAT extended, RAT caution light illuminated

b. Pressure below 1500 psi

2. Verifications

a. RAT seen extended by another aircraft

b. Turbine not spinning

C. Effects on flight safety

1. With RAT failure, no emergency backup for flight controls available
if HYDs 1 and 2 fail

2. Possible hydraulic leak

VI. HYD 1 and HYD 2 failure (RAT operating)

A. Indications

1. MASTER ALERT light flashes

2. Caution tone sounds

3. HYD 1 caution light illuminated

4. HYD 2 caution light illuminated

5. RAT caution light illuminated

B. Verifications

1. HYD 1 pressure reads below 600 +/- 50 psi

2. HYD 2 pressure gauge shows cycling pressure (between 2500 and
3000 psi)

(9-98) Change 2

Fig 4:  Indications
Summary
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C. Effects on flight safety

1. Aircraft flight controls depend on Emergency Hydraulic System
only; aircraft is unflyable if RAT fails

2. Aircraft control responses may be reduced on high demand

3. Normal landing gear, flaps, slats, wheel brakes, arresting hook,
speed brakes, NWS, and launch bar inoperative

VII. Total system failure

A. Indications

1. MASTER ALERT light flashes

2. Caution and then warning tone sounds

3. HYD 1 and HYD 2 caution lights illuminated

4. RAT caution light illuminates, then may go off

5. HYD FAIL warning light illuminates

6. No cycling of pressure on HYD 2 gauge

B. Verifications:  gauges show little or no pressure

NOTE:  If the HYD 2 pressure gauge indicates no cycling of pressures,
either a significant hydraulic fluid loss or an EDP failure combined with
an inoperative RAT has occurred.

C. Effects on flight safety:  total failure unlikely but an extreme emergency-
flight controls will be inoperative when accumulator is exhausted

Fig 4:  Indications
Summary

(9-98) Original
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SUMMARY

This lesson has presented indications of these hydraulic system malfunctions:

* Uncommanded RAT extension

* Flight control accumulator failure

* HYD 1 and HYD 2 slow pressure loss

* HYD 1 and HYD 2 hydraulic pump failure

* RAT failure

* HYD 1 and HYD 2 failure (RAT operating)

* Total system failure

CONCLUSION

Being able to recognize aircraft system malfunctions quickly is critical to your
making safe and logical decisions in an emergency.

The conditions described in this lesson might occur in conjunction with each
other or with some malfunction related to another aircraft system.

If this lesson has raised any questions for you, be certain to contact your
instructor.

(9-98) Original
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(9-98) CHANGE 4

COURSE/STAGE:  TS, ADV & IUT / Engineering

LESSON TITLE:  Hydraulic Subsystems

LESSON IDENTIFIER:  T-45C TS, ADV & IUT   ENG-11

LEARNING ENVIRONMENT:  Classroom

ALLOTTED LESSON TIME:  1.8 hr

TRAINING AIDS:

* Figures
Fig 1: Main Landing Gear (MLG) Major Components
Fig 2: MLG Pin
Fig 3: Landing Gear Doors
Fig 4: Nose Landing Gear (NLG) Major Components
Fig 5: Landing Gear Controls and Indicators
Fig 6: NLG Strut Pressure Gauges
Fig 7: NLG Strut Inflation Chart
Fig 8: Landing Gear Indications
Fig 9: Hydraulic System Block Diagram
Fig 10: Wheel Brake/Anti-Skid System Block Diagram
Fig 11: Brake System Controls and Indicators
Fig 12: Wheel Brake/Emergency Flap Accumulator Pressure Gauge
Fig 13: Anti-Skid System Controls and Indicators
Fig 14:  Brake Unit Inspection
Fig 15: Nose Wheel Steering (NWS) System Major Components
Fig 16: NWS System Controls and Indicators

LECTURE GUIDE
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TRAINING AIDS (cont):

Fig 17: NWS System Component Locator
Fig 18: Launch Bar System Major Components
Fig 19: Launch Bar System Controls and Indicators

(FWD Cockpit)
Fig 20: Arresting Hook System Major Components
Fig 21: Arresting Hook Inspection
Fig 22: Arresting Hook System Controls and Indicators

(FWD Cockpit)
Fig 23: Arresting Hook Operation
Fig 24: Centralized Warning System Interface
Fig 25: Weight-On-Wheels (WOW)

STUDY RESOURCES:

* T-45C NATOPS Flight Manual, A1-T45AC-NFM-000

LESSON PREPARATION:

Read:
* Part I, Chapter 2.8 “Landing Gear System,” 2.9 “Nose Wheel Steering

System,” 2.10 “Wheel Brake/Anti-Skid System,” 2.11 “Launch Bar
System,” and 2.12 “Arresting Hook System,” T-45C NATOPS Flight
Manual, A1-T45AC NFM-000

REINFORCEMENT:  N/A

EXAMINATION:
Student is required to read hydraulic system and related malfunction
paragraphs in the NATOPS Flight Manual, receive classroom instruction,
and complete assigned CAI lesson(s).  The student shall demonstrate
knowledge by completing, from memory with 80% accuracy, true/false and
multiple choice block examinations.  The objectives in this lesson will be
tested in either Engineering 29X or Engineering 30X.
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Closed
Closed
Any Open
Open
Open
All Closed
All Closed
Any Open
Any Open

Green
Green
Green
Off
Off
Off
Off
Off
Green

Off
Off
On
On
On
Off
Off
On
On

Off
Red
Red
Red
Red
Off
Red
Red
Off

POSITION LIGHT

The emergency landing gear handle does not affect the indication logic.
The lights will operate as above when the landing gear moves.

NOTE:

LANDING
GEAR

DOORCONTROL
HANDLE

NOSE,
LEFT, RIGHT

DOOR CONTROL
HANDLE

Down
Up
Up
Up
Up
Up
Down
Down
Down

Down and Locked
Down and Locked
Down and Locked
Not Down and Locked
Up and Locked
Up and Locked
Not Down and Locked
Not Down and Locked
Down and Locked
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HYD 1 RETURN

2

S K ID

W H EEL  B RA KE S AC CU M
INF P RE SS 130 0 lbs/in

86 BA RS
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MASTER
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SPEED 
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INF PRESS 2
WHEEL/BRAKE ACCUM
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1300 lbs/in
  86 BARS

Wheel Brake/
Emergency Flap System
Accumulator Gauge

Wheel Brake
Pressure Release
Valve
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HYD 1

HYDRAULIC
CONTROL VALVE

DOOR UPLOCK

UNLOCK LOCK

DOOR ACTUATOR

GEAR UP/
DOWN LOCK

GEAR ACTUATOR

RETRACT EXTEND

OPEN CLOSE

UNLOCK LOCK
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DE-SPIN
ACTUATOR

ANTI-SKID
CONTROL

BOX

BRAKE
CONTROL

VALVE

ANTI-SKID
VALVE

FLAP
SYSTEM

HYD 1PARKING
BRAKE

HYD 1 RETURN

2

S K ID SKID

WHEEL BRAKES ACCUM
INF PRESS 1300 lbs/in

86 BARS

BRAKE
MASTER

CYLINDERS

OFF

ON

OFF

ON

ANTI-SKID

ANTI-SKID

B R A K E

SPEED 
SENSOR

SPEED 
SENSOR

B R A K E

()�)*+�,�������



��������)

	
����������
���������������������������� !�"�#$����%&'���

(� ��������	�������

�� ����
�����

1� A��")/	� )/"	�����	�����

2� 0������	����	����	��	������

4� �=�:	
������	�����	�����������

6� (�����
�����&		���	�	����
�����

0� )���
�	��	������	�����

1� "��
�����	�����
����	����	-2��
���	�����	�����	��
����.	��
��"���=�:	����	����	��	���������%�

2� ��������	�����
�	��
����	���	�������	�������	���	��	��$�����

(�� ,������	�����	�������

�� 8������	��	������

1� ����
�����&		���
����	����	��	����	������	�������

�7")&		"��	�������	�����	���	��	���	�	�	��
���	��	���	�����
�����	����	��3����	��	���	�%���	��	�	�����	�����	��������

2� (�����
�����&		�����	�������������
�	����	�

��������	������
�����	����
���	14<<	��	4<<<	��

4� )���
�	��	�����

�� ��	�������	�����	�������	
������	����	�����	�����	��������
���
����	�������	����	��	������	
���������

�� ���������%�	������	��	�
�����	���
����	������	�������	����	��
��$�����

6� 8������	��	��������

1� ����
�����

�� ���
����	����	��	����	��������	����	�������	�����	������
���������

����&		"����	���	��	�
������	����
�����	��	���	�������

������	��%����	�����	��	�	�������	�����	�������	��	���������

2� (�����
�����&		�������	�����	
������	��	��	��������

4� )���
�	��	�����&		�����
���	��	��������	��	��%�	���
����	�������
�����
�

����	���������������
 �	!��	�������
�����	��

����	���������������
 �	!��	�������
�����	��

()�)*+�,�������



���������1

	
����������
���������������������������� !�"�#$����%&'���

0� ,������	�����	
������	�����

1� ����
�����&

�� A��")/	� )/"	�����	�����

�� 0������	����	����	��	������


� ,=	6/=	
������	�����	�����������

�7")&		"��	���
������	����
�����	����	������	����	����	���	��������	�
��%��
��	��	���������

�� ,����	��%��
��	���%�	B<C

�� ,������	�����	������	��	���	7�	�������

0� )���
�	��	������	�����

1� ,��%���	����������3�	�������	����	�������	�����	�������

(��� ���	�������

�� ����
�����

1� A��")/	� )/"	�����

2� 0������	����	����	��	������

4� ���	
������	�����	�����������

5� ���	�����	����	��	������	��	�����	
������

6� (�����
�����&		���	9�	��%����	�����	���	�����������	��
���������	��	����	����

0� )���
�	��	�����

1� ���������%�	������	��	�������	���
����	��	������	-�����	������������
��������	������	�����
����.	����	��	��$�����

2� ��	��������
	�������	�����	�����	���	�����	
����	��	��
���	��	���
����	��	�����

�7")&		��	���	�������	����	�	�������
�	�3�������	��������

������	����	���	��	�������	��	���	���	�����	�������	���	���
����	����	��	���������%��

����
���"���������
����	��������
�����	��

()�)*+�,�������



����������

	
����������
���������������������������� !�"�#$����%&'���


���������%"��� �����������%&��������"$�����"%

H Y D  1
P R E S S

E L E C T R O N IC  C O N T R O L B O X

NWS HI

H Y D  1
R E T .

LVDT

R V D T

N O S E  G E A R

R U D D E R  P E D A L
D E F L E C T IO N S

HYD 1 RETURN

HYD 1 PRESSURE

NOTE:  NWS on

ADVISORY CAUTION

LEGEND

L in e r  V a r ia b le
D iffe re n tia l 
T ra n s d u c e r

R o ta ry  V a r ia b le
D iffe re n tia l 
T ra n s d u c e r

P a d d le
S w itc h

High Gain
Button

NWS

()�)*+�,�������



����������

	
����������
���������������������������� !�"�#$����%&'���

(����  ���
�	���	�������

�� 8������	��	�3����

�7")&		"��	������
����	����
�	����	
�������������	��������

1� ����
�����&		 	6�/	�����	-�3������.	����
����	���	�����������	�����
)D")�:	���
���	��	��
�

2� (�����
�����&		������	
���	%����

4� )���
�	��	�����&		
�������������	�������	��������

6� 8������	��	�����
�

1� ����
�����

�7")&		"����	�	�	1<	�
	�����	��	���	����
�	���	�������	��	�����
��
�������	
��
�����	�����	��������	����	����	�����

�� A��")/	� )/"	�����

�� �������	����	����	��	������


�  	6�/	���	-���	�����
���.	�����	����������

�� ����	�������	����	�����
����	����
�����	����	
���	���	�������
���	����	�3��

	2� (�����
�����&		��	�%��������	�����������	���
����	%����	����
����

	4� )���
�	��	������	�����

�� ����	�������	����	�3������	������	������
����	���	��
�����
����
�����	���	��������

�� �������	�������	���	���������

������������
�����
�����������	��

HYD 1
PRESS

HYD 1
RET.

POWER UNIT
ACTUATOR


������������%���(����������"$�����"%

()�)*+�,�������



���������-

	
����������
���������������������������� !�"�#$����%&'���

�D� "���	����	������
����	��	���	�������	����

�� ����
�����

1� ��������	����	������	�������	�����	-���.	������	�����������
���������	
��������	)D")�:

�7")&		��������	����	�3������	�����	�

��	������	1�@	�
����

2� ��������	����	������	�������	�����	���	����������	��������������

�7")&		������������	������������	��	���	��������	����	������	���
�����	����
���	����	���	��������	����	�	����
������	
��������

����	��	�	������
�������	��������
	�
�������%����
��	�������

4� ��������	����	������	�����	������	�����������	���	����	����
E?�
���	���������	
��������	/)"/�0"

6� (�����
�����&		�����	���
����������	%����	����
�����	��	�%�������

0� )���
�	��	������	�����

1� �������	�������	���	������	��	����	����	��	�3����

2� 9���	���	���	���%���	������	�������	�������

��������#�	������
�����������	��

ACTUATOR DAMPER

UPLATCH
ASSEMBLY

SELECTOR
VALVE

HYD 1 RETURN
HYD 1 PRESSURE

HOOK

H
O

O
K

HYD 1 RETURN

HYD 1 PRESSURE

NITROGEN PRECHARGE

LEGEND


�����*���������""#��������"$�����"%

()�)*+�,�������



Flight Control SystemT-45C TS, ADV & IUT   ENG-13

Page 13-i

(9-98) CHANGE 4

COURSE/STAGE:  TS, ADV & IUT / Engineering

LESSON TITLE:  Flight Control System

LESSON IDENTIFIER:  T-45C TS, ADV & IUT   ENG-13

LEARNING ENVIRONMENT:  Classroom

ALLOTTED LESSON TIME:  1.3 hr

TRAINING AIDS:

* T-45 Scale Model
* Wall Charts

Cutaway View T-45C
T-45C Cockpit

* Figures
Fig 1: Flight Control System, Flaps/Slats, Speed Brakes
Fig 2: Flight Controls--Aileron System Components
Fig 3: Aileron Controls/Indicators
Fig 4: Aileron System Components--Simplified
Fig 5: Flight Controls--Stabilator System Components
Fig 6: Stabilator Controls/Indicators
Fig 7: Stabilator System Components--Simplified
Fig 8: Flight Controls--Rudder System Components
Fig 9: Rudder Controls/Indicators
Fig 10: Rudder System Components--Simplified
Fig 11: Flap System Components--Simplified

LECTURE GUIDE
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Page 13-ii

TRAINING AIDS:

Fig 12: Flap Controls/Indicators
Fig 13: Slat System Components--Simplified
Fig 14: Slat Controls and Indicators
Fig 15: Speed Brake System Components--Simplified
Fig 16: Speed Brake Controls/Indicators
Fig 17: Flap System Components
Fig 18: Slat System Components
Fig 19: Speed Brake System Components
Fig 20: Hydraulic System Block Diagram

STUDY RESOURCES:

* T-45C NATOPS Flight Manual, A1-T45AC-NFM-000

LESSON PREPARATION:

Read:
* Part I, Chapter 2.5, “Flight Controls and Trim System,” and Chapter 2.6,

“FLAP/SLAT System,” in the T-45C NATOPS Flight Manual, A1-
T45AC-NFM-000

REINFORCEMENT:  N/A

EXAMINATION:

Student is required to read flight control system paragraphs in the NATOPS
Flight Manual, receive classroom instruction, and complete assigned CAI
lesson(s).  The student shall demonstrate knowledge by completing, from
memory with 80% accuracy, true/false and mulitple choice block
examinations.  The objectives in this lesson will be tested in either Engi-
neering 29X or Engineering 30X.
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LESSON OBJECTIVES

1.4.14.3.1
Recall major components of the flight control system

1.4.14.2.1
Recall operating characteristics of the flight control system

1.4.14.3.1.5
Recall major components of the aileron system

1.4.14.2.1.1
Recall operating characteristics of the aileron system

1.4.14.3
Recall function, purpose, and location of the flight control system
controls, switches, and indicators

1.4.14.3.1.3
Recall major components of the stabilator system

1.4.14.2.1.2
Recall operating characteristics of the stabilator system

1.4.14.3.1.4
Recall major components of the rudder system

1.4.14.2.1.3
Recall operating characteristics of the rudder system

1.5.4.1.2.1
Recall operating characteristics of the flap/slat system

1.5.4.1.2.1.2
Locate flap/slat system controls and indicators

1.5.4.1.2.1.1
Recall flap/slat operating limitations

1.4.19.3.1
Recall major components of the speed brake system

(9-98) Original
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1.4.19.2.1
Recall operating characteristics of the speed brake system

1.4.19.3
Recall function, purpose, and location of speed brake system
controls, switches, and indicators

1.4.14.2
Recall interfaces between the flight control system and
other a/c systems

1.5.4.1.2.1.5
Recall interfaces between the flap/slat system and other a/c
systems

1.4.19.2
Recall interfaces between the speed brake system and other a/c
systems

(9-98) Original
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MOTIVATION

Thorough knowledge of the operating characteristics and
limitations of the flight control system is vital to smooth and safe
flight.  This knowledge is also critical should a malfunction arise
that requires a decision as to which procedures/techniques are
best suited for dealing with the malfunction.

OVERVIEW

For the T-45C, you will learn the components and describe the
purpose and functional characteristics of the flight control system,
as well as the location of controls, switches, and indicators.  You
will also cover the flight controls and general services interfaces
with other aircraft systems.

In this lesson we will be covering the:

* Major flight control components
* Flight controls
* Flaps/slats, speed brakes
* Aircraft systems interface

(9-98) Original
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REFRESHER

* The T-45C flight controls are powered by two independent
hydraulic systems and by pedal power.

PRESENTATION

Name the flight controls.

ANSWER:  Aileron, stabilator, and rudder

I. Major flight control components  1.4.14.3.1

A. Flight controls

1. Aileron system

2. Stabilator system

3. Rudder system

NOTE:  Two stabilator vanes (strakes) are fixed
surfaces located on each side of the rear fuselage,
forward of  the stabilator.  With the flaps extended
and a high angle of attack, they help direct airflow
over the stabilator, providing enhanced aircraft pitch
control.

B. Flaps/slats

C. Speed brakes

?

Sg 1, fr 4
Flight Controls

Sg 1, fr 5
Flaps/Slats

Sg 1, fr 6
Speed Brakes

Fig 1:  Flight Control
System, Flaps/Slats,
Speed Brakes

Sg 1, fr 2
Lesson Organization

FLIGHT CONTROL SYSTEM

* Major component
identification

* Flight controls

* Flaps/slats, speed brakes

* Aircraft systems interfaces

Sg 1, fr 3
Fig 1:  Flight Control
System, Flaps/Slats,
Speed Brakes

(9-98) Original
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Figure 1:  FLIGHT CONTROL SYSTEM, FLAPS/SLATS, SPEED BRAKES

(9-98) Original
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II. Flight controls  1.4.14.2.1

A. Aileron system  1.4.14.3.1.5, 1.4.14.2.1.1, 1.4.14.3

LESSON NOTES

Use the T-45 scale model to demonstrate the reaction of the
aircraft to flight control system inputs.  Use the T-45C cockpit
and aircraft cutaway view wallcharts to identify controls, indi-
cators, and components during this lesson.

1. Control surface components

NOTE:  There are no aileron trim tabs on the T-45C.

a. Ailerons

Sg 2, fr 2
Lesson Organization

Wall Chart:  Cutaway
View T-45C

Wall Chart:  T-45C
Cockpit

Sg 2, fr 3
(4 Overlays)
Fig 2:  Flight Controls-
-Aileron System
Components

Overlay 1
Ailerons

FLIGHT CONTROL SYSTEM

* Major component identification

* Flight controls

* Flaps/slats, speed brakes

* Aircraft systems interfaces

T45 Scale Model

PCU/Actuator

Aileron

Trim Actuator

Spring Feel
Unit

Figure 2:  FLIGHT CONTROLS--AILERON SYSTEM COMPONENTS

(9-98) Original
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(1) Location:  outboard of flaps on trailing edge
of wings

(2) Function

(a) Provide primary lateral control

(b) Provide lateral trim

b. Aileron actuators (power control units [PCUs])

(1) Location:  mounted underneath wing trailing
edge in fairings (one PCU per aileron)

(2) Function

(a) Supplied with power from both
hydraulic systems for redundancy
(two actuators per PCU)

(b) Provide mechanical power to move
ailerons

c. Aileron trim actuator

(1) Location:  aft of aft cockpit floor, right of
aircraft centerline

(2) Function:  provides power to trim aileron
control surfaces

d. Aileron spring feel unit

(1) Location:  just forward of trim actuators

(2) Function:  provides pilot with artificial “feel”
of aerodynamic forces acting on control
surfaces

2. Cockpit controls/switches/indicators

Overlay 2
Aileron Actuators

Overlay 3
Aileron Trim Actuator

Overlay 4
Aileron Spring Feel
Unit

(9-98) Original



Flight Control System

Page 13-8

T-45C TS, ADV & IUT   ENG-13

a. Aileron/stabilator trim switch

(1) Location:  top of control sticks

(2) Function:  five-position switch which
provides for four-way trim

b. AILERON trim indicator (each cockpit)

(1) Location:  left console, forward of throttle
quadrant

(2) Function:  shows position of aileron trim

Figure 3:  AILERON CONTROLS/INDICATORS

Aileron/Stabilator
Trim Switch

B
R
A
K
E

H
Y
D
1

H
Y
D
2RESET

5

10 1 5

0 5

Tail

Plane Aileron

Rudder

p.s.i.
X 1000

0

1
2

3

4

0

1
2

3

4p.s.i.
X 1000

p.s.i.
X 1000

0

1
2

4

3

ANTI-SKID

OFF

ON

Aileron Trim
Indicator

Sg 2, fr 8
Aileron/Stabilator
Trim Switch

Sg 2, fr 9
Aileron Trim Indicator

Fig 3:  Aileron Con-
trols/Indicators

(9-98) Original
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3. Operating characteristics/limitations

a. Each aileron powered by tandem hydraulic
actuator (PCU)

(1) Failure of either actuator will not affect
remaining actuator

(2) Failure of either hydraulic system will not
affect operation

b. Stick to aileron ratio changer increases aileron
deflection and reduces maximum lateral stick
deplacement when landing gear down

(1) Maximum aileron deflection up and down is
12.5 degrees gear up and 15.5 degrees
gear down

(2) Maximum aileron trim deflection: 6 degrees
up or down (with landing gear extended
authority increases to +/- 9 degrees)

c. Simultaneous operation of both trim switches in
opposite directions disables the trim motor

What is the difference between elevators and
stabilators?

ANSWER:  Elevators are attached to a fixed stabilizer and move
up or down to control pitch (as on the T-34).  A stabilator is one
piece and the entire unit rotates to control pitch.

?

Sg 2, fr 10
Fig 4:  Aileron
System Components-
-Simplified

(9-98) Original
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Figure 4:  AILERON SYSTEM COMPONENTS--SIMPLIFIED

Fwd/Aft Aileron/
Stabilator Trim Switches

Left Aileron
PCU/Actuator

Right Aileron
PCU/Actuator

Left Aileron Right Aileron

Fwd/Aft
Control Sticks

Aileron Spring 
Feel Unit

Aileron 
Trim Actuator

HYD 1

HYD 2

MECHANICAL LINKS

ELECTRICAL

LEGEND

(9-98) Original
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B. Stabilator system  1.4.14.3.1.3, 1.4.14.2.1.2, 1.4.14.3

1. Control surface components

a. Stabilator

(1) Location:  rear of aircraft fuselage

(2) Function:  provides primary pitch control

b. Stabilator actuator (PCU)

(1) Location:  mounted horizontally above
engine tailpipe

(2) Function:  mechanically controlled and
hydraulically operated--provides power
to move stabilator control surface

c. Stabilator trim actuator

(1) Location:  just aft of aft seat frame

(2) Function:  electrically controlled and
mechanically operated--moves stabilator
linkages providing trim inputs to the
stabilator actuator

d. Stabilator spring feel unit

LESSON  NOTES

Explain the difference between a system that does not have
feedback pressure and the T-45C flight controls that feature
simulated feedback.  Compare the T-45C system to the T-34

Overlay 3
Stabilator Trim
Actuator

Overlay 4
Stabilator Spring
Feel Unit &
Inertia Weight

Overlay 2
Stabilator Actuator

Sg 2, fr 11
(4 Overlays)
Fig 5:  Flight
Controls--Stabilator
System Components

Overlay 1
Stabilator

(9-98) Original
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Stabilator
Actuator

Stabilator
Spring Feel
Unit

Stabilator
Trim
Actuator

Stabilator

Inertia Weight

Figure 5:   FLIGHT CONTROLS--STABILATOR SYSTEM COMPONENTS

(9-98) Original
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(1) Location:  adjacent to stabilator trim
actuators

(2) Function:  acts in conjunction with inertia
weights and two viscous dampers to pro-
vide the pilot with artificial “feel” of aero-
dynamic forces acting on control surfaces

e. Speedbrake interconnect actuator

(1) Location:  stabilator control box, forward of
PCU

(2) Function:  Sends speedbrake position
signals to yaw damper controller.  Receives
input signals from yaw damper controller
and moves stabilator to counter pitch
transients due to speedbrake extension/
retraction

2. Cockpit controls/switches/indicators

a. Aileron/stabilator trim switch:  located on top of
control sticks

b. Standby stabilator trim (STBY STAB TRIM)
switch (guarded):  located on each left console

c. STABILATOR position indicator:  located on left
console, left of AILERON trim indicator

Sg 2, fr 16
Aileron/Stabilator
Trim Switch

Sg 2, fr 17
(1 Overlay)
Stabilator Controls/
Indicators

Fig 6:  Stabilator
Controls/Indicators

Overlay 1
Stabilator Position
Indicator

(9-98) Original
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Figure 6:  STABILATOR CONTROLS/INDICATORS
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3. Operating characteristics/limitations

a. Stabilator powered by tandem hydraulic
actuator:  failure of either hydraulic system will
not affect operation

b. Stabilator trim actuator consists of main and
standby motor

(1) Main motor powered by 28 VDC essential
bus.  Operated by trim switch on control
stick

(2) Standby motor powered by 28 VDC gen-
erator bus.  Used in case of main motor
failure.  Controlled by STBY STAB TRIM
switch

Stabilator
PCU/Actuator

Fwd/Aft Aileron/
Stabilator Trim Switches

Stabilator Spring 
Feel Unit

Stabilator 
Trim Actuator

Stabilator

Fwd/Aft
Control Sticks

HYD 1

HYD 2

MECHANICAL LINKS

ELECTRICAL

LEGEND

Figure 7:  STABILATOR SYSTEM COMPONENTS -- SIMPLIFIED

Sg 2, fr 19
Fig 7:  Stabilator
System Components--
Simplified

(9-98) Original
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NOTE:  Both motors are de-energized by
travel limit switches.  Lifting the STBY STAB
TRIM switch guard disables the main trim
motor and allows use of the standby trim
switch.

c. Maximum stabilator deflection:  control stick
full aft—leading edge 15 degrees down; control
stick full forward—leading edge 6.6 degrees up

d. Maximum stabilator trim deflection:  provides a
range from 3 degrees leading edge up to
8 degrees leading edge down

e. Simultaneous operation of the stabilator trim
switches in opposite directions by both cockpits
will disable the trim motor

f. Standby trim selection can be made from either
cockpit and will disable main trim control

g. Rate of trim change from either main or standby
control:  approximately 2 degrees per second

C. Rudder system  1.4.14.3.1.4, 1.4.14.2.1.3, 1.4.14.3

1. Control surface components

a. Rudder

(1) Location:  trailing edge of vertical stabilizer

(2) Function:  provides primary yaw control

(3) Max deflection 20 +/- .5 degrees

b. Rudder trim tab

(1) Location:  lower trailing edge of rudder

(2) Function:  provides pressure relief for rudder
pedals

Overlay 2
Rudder Trim Tab

Sg 2, fr 20
(5 Overlays)
Fig 8: Flight
Controls-Rudder
System Components

Overlay 1
Rudder

(9-98) Original
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Figure 8:   FLIGHT CONTROLS--RUDDER SYSTEM COMPONENTS

Rudder

Rudder
Trim Tab

Rudder Centering
Unit

Trim/Yaw
Damper Actuator

Yaw Damper
Controller

(9-98) Original
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(3) Max deflection of 6 degrees +/- 1 degree
below 217 IAS.  1.3 degrees +/- .6 degree
at 450 IAS

c. Trim/Yaw damper actuator

(1) Location:  inside fuselage, at root of vertical
stabilizer

(2) Function:  electromechanical device moves
rudder trim tab upon input from trim switch
or automatically through the yaw damper
controller (computer) when the rudder is
moved

d. Rudder/Yaw damper actuator linkage

(1) Location:  Below YDA at root of vertical
stabilizer

(2) Function:  mechanical linkage moves
rudder and rudder trim tab through the
automatic feature of the YDC

e. Rudder centering unit

(1) Location:  on aft face of aft seat frame

(2) Function:  produces light feel force
(resistance) during low-speed flight and
on deck for rudder centering

f. Rudder pedal shaker

(1) Location:  attached to left rudder pedal in
forward cockpit

(2) Function:  activated by AOA system.
Provides stall warning, along with a stall
warning tone when AOA is 21.5 units or
greater

Overlay 3
Trim/Yaw Damper
Actuator

Overlay 4
Rudder/Yaw Damper
Linkage

Overlay 5
Rudder Centering Unit

(9-98) Original



Flight Control System

Page 13-19

T-45C TS, ADV & IUT   ENG-13

2. Cockpit controls/switches/indicators

a. Rudder pedals

(1) Adjustable via rudder pedal adjust knob,
just forward of stick in both cockpits

2) Toe pedals independently operate hydraulic
wheel brakes

b. RUDDER trim indicator

(1) Location:  left console forward of throttle
quadrant, below AILERON trim indicator in
both cockpits

Sg 2, fr 26
(5 Overlays)
Fig 9:  Rudder
Controls/Indicators

Figure 9:  RUDDER CONTROLS/INDICATORS

Rudder Pedal
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Rudder Lock
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(9-98) Original
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(2) Function:  displays position of rudder trim

c. RUDDER TRIM knob

(1) Location:  on left console, directly adjacent
to STBY STAB TRIM switch in both
cockpits

(2) Function:  three-position switch, spring
loaded to center activates rudder trim
actuator

(3) Rudder trim is not available with CONTR
AUG BIT in progress

d. C AUG caution light

(1) Location:  on caution advisory panel
in both cockpits

(2) Function:  illuminates when control
augmentation is off, degraded, or indicates
BIT in progress

e. RUDDER PEDAL ADJUST knob

(1) Location:  panel assembly attached to
control support struts, forward of control
stick in both cockpits

(2) Function:  adjusts pedals to accommodate
leg reach

f. CONTR AUG switch

(1) Location:  adjacent to RUDDER TRIM
control on left console FWD cockpit

(2) Function:  three-position switch

(a) ALL--provides Dutch-roll damping,
turn coordination, rudder trim, and
speed brake-stabilator interconnect
capabilities; also initiates BIT

Overlay 1
Rudder Trim Control

Overlay 3
Rudder Pedal Adjust
Knob

Overlay 2
C AUG Caution
Light

Overlay 4
CONTR AUG Switch

(9-98) Change 4
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(b) SBI--provides rudder trim and speed
brake-stabilator interconnect
capabilities

(c) RESET (momentary, spring loaded to
SBI)--resets the system

g. Paddle switch

(1) Location:  lower front side of control stick

(2) Function:  (momentary switch) deactivates
the control augmentation system and the
NWS system with landing gear down

LESSON  NOTES

Emphasize that the rudder is the only flight control not hydrau-
lically activated and that the rudder gust lock must be engaged
when the aircraft is parked.

h. Rudder lock lever

(1) Location:  right control unit support strut,
fwd cockpit only

(2) Function:  locks rudder in neutral position
for protection while aircraft is parked

Overlay 6
Rudder Lock Lever

Overlay 5
Paddle Switch

(9-98) Change 4
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3. Operating characteristics/limitations

a. Control augmentation system (CAS)

NOTE:  GINA mode manipulation results in yaw
damper degradation and a C AUG caution light.
A CONTR AUG system reset is required to
reestablish control augmentation operation.

(1) SBI and rudder trim available with weight
on or off wheels.  Aileron-rudder
interconnect (ARI) and yaw damping
available only with weight off wheels

(2) Yaw damping commands are zero with
airspeed above 217 KIAS, except when
trimming rudder

(3) SBI system provides stabilator trim inputs
to reduce pitch transients during speed
brake extension or retraction

Fwd/Aft Rudder
Trim Switches

Trim/Yaw Damper
Actuator

Rudder/Yaw
Damper Actuator
Linkage

Fwd/Aft 
Rudder Pedals

Rudder 
Centering Unit

Fwd/Aft 
CONTR AUG 
Switches

MECHANICAL LINKS

ELECTRICAL

LEGEND

Yaw Damper
Controller

Figure 10:  RUDDER SYSTEM COMPONENTS--SIMPLIFIED

Sg 2, fr 33
Fig 10:  Rudder
System Components--
Simplified

(9-98) Original
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(4) CAS BIT can only be initiated with weight
on wheels, airspeed less than 80 knots,
and FLAPS/SLATS switch UP.  C AUG
caution light illuminates for approximately
120 seconds and then extinguishes
indicating a successful test

WARNING:  Initiating the CONTR AUG
BIT cycles the rudder trim tab.  Ensure
the CONTR AUG BIT is complete prior to
taxi or takeoff.

b. Yaw damping system and Aileron Rudder
Interconnect (ARI) operate automatically with
weight off wheels and airspeed less than
217 KIAS

c. Pilot may override yaw damp system by
operating rudder pedals

d. Rudder system operates in three modes

(1) Pilot-operated through pedals

(2) Pilot-controlled electric trim actuator

(3) Auto-controlled trim of tab via yaw damper
system

e. Rudder deflection maximum:  20 +/- .5 degrees
from neutral, including 6 +/- 1 degree max trim
(limited by electronic damping system)

f. Rudder lock provides protection from wind up to
70 mph

g. Simultaneous operation of both trim switches in
opposite directions disables the trim motor

(9-98) Change 4
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D. Aircraft interfaces  1.4.14.2

1. Hydraulic system

a. Ailerons and stabilator power control units
(PCUs) contain tandem actuators which receive
hydraulic power from both HYD 1 and HYD 2.
Failure of either hydraulic system will not affect
flight control operation.

b. Rudders are mechanically operated

2. Electrical

a. 28 VDC generator bus powers

(1) Aileron trim

(2) Rudder trim

(3) Standby stabilator trim

(4) Trim indicator (aileron, rudder, and
stabilator)

b. 28 VDC essential services bus powers , primary
stabilator trim only.

E. Summary:

The aileron, stabilator, and rudder systems make up the
flight controls.  The aileron and stabilator systems are
hydraulically operated with redundant actuators.  The
rudder system is mechanical and should be locked when
the aircraft is parked.  Toe pedals on the rudder pedals
activate the independent hydraulic wheel brakes.  All
flight controls have trim capability.  The control aug-
mentation system enhances the flight characteristics of
the aircraft.

(9-98) Change 1
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III. Flaps/slats, speed brakes

A. Flap system  1.5.4.1.2.1, 1.5.4.1.2.1.2, 1.5.4.1.2.1.1

1. System overview:  augments lift to wing, allowing
flight operations at lower airspeeds

2. Control surface components

a. Flap panels

(1) Location:  trailing edge of each wing panel
(extending from wing root), inboard of
trailing edge of each wing

Sg 3, fr 2
Lesson Organization

FLIGHT CONTROL SYSTEM

* Major component identification

* Flight controls

* Flaps/slats, speed brakes

* Aircraft systems interfaces

Sg 3, fr 3
Fig 11:  Flap
System Components-
-Simplified

Pressure 
Relief Valve

Flap 
PCU/Actuator

Right FlapLeft Flap

HYD 1

MECHANICAL LINKS

ELECTRICAL

Fwd/Aft
Flaps/Slats
Switches

LEGEND

Figure 11:  FLAP SYSTEM COMPONENTS--SIMPLIFIED

(9-98) Original
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(2) Function:  augment lift at low airspeed

b. Flap actuator

(1) Location:  one hydraulic actuator bolted
onto bracket at aft face of aft wing spar

(2) Function:  powered by HYD 1, extends/
retracts flaps

c. Pressure/thermal relief valves

(1) Location:  incorporated into flap selector
valve package right side of aircraft, forward
of frame 21

(2) Function

(a) Pressure valve

(i) Directs hydraulic pressure to and
from flap actuator

(b) Thermal relief valve

(i) Protects HYD lines from thermal
expansion

3. Cockpit controls/switches/indicators

a. FLAPS/SLATS lever

(1) Location:  inboard of the throttle quadrant

(2) Function:  three position control with
detents for selecting flaps UP, 1/2, or DN.
Forward and aft controls are mechanically
linked and operate the flap hydraulic valve
via a common switch

b. EMER FLAPS switch

(1) Location:  landing gear panel, below
emergency gear handle

Sg 3, fr 4 (2 Overlays)
Fig 12:  Flap
Controls/Indicators

Overlay 1
EMER FLAPS
Switch

(9-98) Original
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(2) Function:  directs pressure from wheel
brake/emergency flap accumulator in event
of HYD 1 failure to fully extend flaps

c. FLAP position indicator

(1) Location:  left instrument panel, to the right
of the EMER JETT button

(2) Function:  displays flaps as half full

4. Operating characteristics/limitations

a. Flaps raised and lowered via single actuator

b. Powered by HYD 1 via push-pull control rods
and bellcrank levers

Overlay 2
FLAP Position
Advisory Light

NORM

DOWN

EMERFLAPS

+

-UP

-DN

-
2

+

HALF

FULL

Figure 12:  FLAP CONTROLS/INDICATORS

Sg 3, fr 5
Fig 11:  Flap System
Components--
Simplified

(9-98) Original
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c. Extension of flaps via wheel brake/emergency
flap accumulator in event of HYD 1 failure

d. Full extension of flaps is approximately
50 degrees, half approximately 25 degrees

e. EMER FLAPS switch fully extends flaps if
adequate accumulator pressure is available.
No flap extension if accumulator pressure is
below 2200 psi.

f. Speed restriction for deployment:  200 KIAS

g. Maneuvering envelope with both flaps extended
(symmetrical):  0 to +2.0 g max.  Maneuvering
envelope with a split flap (unsymmetrical)
condition:  +1.0 to +1.5 g max

NOTE:  Due to the design of the T-45 a split
flap condition is highly unlikely.  Be advised that
this is not an impossibility and would be a very
dangerous situation should it occur.

(9-98) Original
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B.    Slat system  1.5.4.1.2.1, 1.5.4.1.2.1.2, 1.5.4.1.2.1.1

1. System overview:  augments lift to wing when
extended, decreasing stall speed and increasing
aircraft control and stability during slow speed flight

2. Control surface components

a. Slats

(1) Location:  leading edge of each wing
extending from wing root to near wingtip

HYD 1

MECHANICAL LINKS

ELECTRICAL

Slat
Slat Selector Valve

Slat Actuator

Fwd/Aft
Flaps/Slats
Switches

Slat
Slat Actuator

LEGEND

Figure 13:  SLAT SYSTEM COMPONENTS--SIMPLIFIED

Sg 3, fr 6
Fig 13:  Slat System
Components--
Simplified

(9-98) Original



Flight Control System

Page 13-30

T-45C TS, ADV & IUT   ENG-13

(2) Function:  improve stall margin and slow
speed flight characteristics

b. Slat actuators

(1) Location:  one actuator attached to front
spar of each wing

(2) Function

(a) Powered by HYD 1, extends/retracts
slats by mechanical linkage

(b) Normal operation of actuators main-
tains slat symmetry during extension/
retraction

(c) Synchro cable between actuators will
maintain slats within 2 degrees of each
other if normal system fails

c. Thermal relief valves

(1) Location:  incorporated into slat selector
assembly

(2) Function

(a) Protects hydraulic lines against
thermal expansion of hydraulic fluid

3. Cockpit controls/switches/indicators

a. FLAPS/SLATS lever

(1) Location:  inboard of the throttle quadrant

(2) Function:  three position control with
detents for selecting flaps/slats UP, 1/2,
or DN.  Forward and aft controls are
mechanically linked and operate the flap
hydraulic valve via a common switch

Sg 3, fr 7
Fig 14:  Slat Controls
and Indicators

(9-98) Change 4
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(a) UP:  slats retracted

(b) 1/2 or DN:  slats extended

b. SLATS caution light

(1) Location:  caution advisory panel

(2) Function:  illuminated when

(a) Slats not in selected position or split
slats

Figure 14:  SLAT CONTROLS AND INDICATORS

-UP

-DN

-
2

+

(9-98) Original
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(b) Slats extended and airspeed increases
above 217 KIAS

(c) Slats selected when airspeed is above
217 KIAS (slats will not extend)

4. Operating characteristics/limitations

a. Slats divided into three segments per side that
are interconnected so they don’t transmit wing
loads

b. Slats raised and lowered by HYD 1 powered
actuator in each wing that drive rods linked to
the inner and outer slat segments, the center
section is attached to and moves simulta-
neously with the two outer sections

c. No system to extend slats with HYD 1 failure

d. Full extension of slats is 15 degrees

e. Speed restriction for deployment:  200 KIAS

NOTE:  There is no blow back feature in the
slat hydraulic system.

f. Maneuvering envelope with both slats extended
(symmetrical condition):  0 to +2.0 g max.
Maneuvering envelope with a split slats
(unsymmetrical condition):  +1.0 to +1.5 g max

NOTE:  Due to the design of the T-45 a split
slat condition is highly unlikely.  Be advised that
this is not an impossibility and would be a very
dangerous situation should it occur.

Sg 3, fr 8
Fig 13:  Slat System
Components--
Simplified

(9-98) Original



Flight Control System

Page 13-33

T-45C TS, ADV & IUT   ENG-13

C. Speed brake system  1.4.19.3.1, 1.4.19.2.1, 1.4.19.3

LESSON  NOTES

Provide examples of different flight conditions, explain how
speed brake positioning will affect the aircraft.

1. Components

a. Left/right speed brakes

(1) Location:  one speed brake panel on each
side of aft fuselage

(2) Function:  increase drag, decrease speed
for maneuvering when needed

Actuator

Speed Brake

Speed Brake
Package Assembly

Fwd/Aft Throttles, 
Speed Brake Switches

Actuator

Speed Brake

LEGEND

Figure 15:  SPEED BRAKE SYSTEM COMPONENTS--SIMPLIFIED

Sg 3, fr 9
Fig 15:  Speed Brake
System Components--
Simplified

(9-98) Original
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NOTE:  The use of speed brakes during
approach allows the engine to be spooled
up without an increase in airspeed.

b. Hydraulic actuator

(1) Location:  attached to each speed brake
door and anchored inside fuselage

(2) Function:  extends or retracts speed brakes
depending on position of a hydraulically
operated slide valve

2. Cockpit controls/switches/indicators

a. SP BRK advisory light

(1) Location:  on upper left instrument
panel in both cockpits

Sg 3, fr 10 (1 Overlay)
Fig 16:  Speed Brake
Controls/Indicators

Figure 16:  SPEED BRAKE CONTROLS/INDICATORS

Speed Brake 
Extend/Retract Switch

(9-98) Original
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(2) Function:  illuminates to indicate speed
brakes not fully retracted

b. FULL advisory light

(1) Location:  on upper left instrument
panel in both cockpits

(2) Function:  illuminates to indicate speed
brakes are fully extended

c. Extend/Retract switch

(1) Location:  on throttle grip under COMM
switch

(2) Function:  three-position switch

(a) Forward (momentary)—retracts speed
brakes.  Released, switch returns to
center position

(b) Center—speed brakes remain in
selected position

(c) Aft—holding switch in this position
extends the speed brakes, as long as
the switch is held, until full extension
(60 degrees).  Released, switch
returns to center position.

NOTE:  Extension of the speed brakes
(moving the switch aft) can occur
incrementally.  However, the speed
brakes will fully retract when the speed
brake switch is moved to the forward
position.

3. Operating characteristics/limitations

a. Speed brakes blow back from full extension
(60 degrees) at speeds in excess of 380 KIAS

Overlay 1
Extend/Retract
Switch

Sg 3, fr 11
Fig 15:  Speed Brake
System Components--
Simplified

(9-98) Original
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b. Speed brakes may not fully extend above
340 KIAS

c. Pressure and thermal relief valves protect
system from excessive air loads and pressure
buildup due to heat

d. Speed brake advisory light is illuminated
anytime the speed brakes are not fully retracted

e. Cockpit selecting RETRACT overrides cockpit
selecting EXTEND

f. No redundant system for speed brakes in event
of HYD 1 failure

D. Summary:

The flap/slat and speed brake systems are hydraulically
operated.  The speed brakes have a blow-back feature.
The flaps have three positions, UP, 1/2, and DN.  The
slats are retracted when the FLAPS/SLATS switch is set
to UP and extend when the FLAPS/SLATS switch is set
to 1/2 or DN

PROGRESS CHECK

Question 1 — 1.5.4.1.2.1
Flap/slat extension should only be selected at less than
_____ KIAS.

ANSWER:  200

IV. Aircraft systems interfaces  1.4.14.2, 1.5.4.1.2.1.5, 1.4.19.2

A. Flaps/slats

1. Hydraulic

a. Powered by the HYD 1 system

Sg 4, fr 2
Lesson Organization

FLIGHT CONTROL SYSTEM

* Major component identification

* Flight controls

* Flaps/slats, speed brakes

* Aircraft system
interfaces

Sg 4, fr 3
Fig 17:  Flap System
Components

(9-98) Change 4
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Figure 17:  FLAP SYSTEM COMPONENTS
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(9-98) Original
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b. Should HYD 1 fail, backup power for flaps
extension only is provided by the wheel brake/
emergency flap accumulator

NOTE:  Slats are hydraulic and function in
consonance with the flaps actuation when HYD
1 system pressure is available.  No emergency
slat extension.

2. Electrical:  28 VDC essential services bus powers
both normal and emergency flap operation

B. Speed brakes  1.4.1.9.2

1. Hydraulic

a. Powered by HYD 1 system only

b. No redundant or emergency backup system

2. Electrical:  28 VDC essential services bus powers
speed brake selection

C. Hydraulic system

1. Ailerons and stabilator are tandem actuator design—
failure of either hydraulic system does not affect
operation

2. Flaps interface with HYD 1 only—wheel brake/
emergency flap accumulator provides backup power
in event of failure

3. Slats interface with HYD 1 only--there is no backup
power in the event of failure

4. Speed brake system has no redundancy

Sg 4, fr 5
Fig 19:  Speed Brake
System Components

Sg 4, fr 6
Fig 20:  Hydraulic
System Block Diagram

Sg 4, fr 4
Fig 18:  Slat System
Components

(9-98) Original
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Figure 18:  SLAT SYSTEM COMPONENTS
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LEGEND

HYD 1 PRESSURE ELECTRICAL

RESTRICTOR

NORMAL FLOW DIRECTIONCHECK VALVE

RETRACT

NEUTRALSLIDE
VALVE

EXTEND

PRESSURE FROM
HYD 1
HYDRAULIC PUMP

SPEED BRAKE PACKAGE
ASSEMBLY

EXTEND
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VALVE

THERMAL
RELIEF
VALVE

PRESSURE
RELIEF
VALVE

ACTUATORS

SPEED BRAKE
SWITCH ON 
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ADVISORY
LIGHT

HYD 1 RETURN

Figure 19:  SPEED BRAKE SYSTEM COMPONENTS

(9-98) Original
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Figure 20:  HYDRAULIC SYSTEM BLOCK DIAGRAM

(9-98) Change 1
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D. Electrical system

1. 28 VDC generator bus powers

a. Aileron trim

b. Rudder trim

c. Trim indicators and stabilator position indicators

d. Standby stabilator trim

2. 28 VDC essential services bus powers

a. Primary stab trim

b. Flaps/slats

c. Emergency flaps

d. Speed brakes

PROGRESS CHECK

Question 2 — 1.4.19.2.1
If HYD 1 has failed, which flight control(s) will not remain
operative?

ANSWER:  Speed brakes, slats

(9-98) Original
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SUMMARY

This lesson has presented the major components, physical
characteristics, functional descriptions, and operation limitations
of the flight control system.

The flight controls consist of ailerons to control roll, stabilator to
control pitch, and rudder to control yaw.  The control augmenta-
tion system enhances flight characteristics and compensates for
pitch transients during speed brake operation.  The T-45C also
employs flaps and slats to increase lift and speed brakes to
increase drag.  All flight controls except the rudder are
hydraulically operated.  The rudder is a mechanical system and
should be secured with the gust lock lever when the aircraft is
parked.

The flight control system controls and indicators consist of the
following:  aileron/stabilator trim switch, AILERON trim indicator,
STBY STAB TRIM switch, STABILATOR position indicator, rudder
pedals, RUDDER trim indicator, RUDDER TRIM control, C AUG
caution light, RUDDER PEDAL ADJUST knob, CONTR AUG
switch, FLAPS/SLATS switch, EMER FLAPS switch, FLAP
position advisory light, SLATS caution light, SP BRK and FULL
advisory lights, extend/retract switch.

The flaps/slats should not be lowered above 200 KIAS.

CONCLUSION

Because knowledge of the aircraft and its systems directly affects
flight safety, your understanding of this system is imperative.

Sg 6, fr 1
Review Menu

(9-98) Original
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NOTES

(9-98) Change 1
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RETRACT

NEUTRALSLIDE
VALVE

EXTEND

PRESSURE FROM
HYD 1
HYDRAULIC PUMP

SPEED BRAKE PACKAGE
ASSEMBLY

EXTEND
SOLENOID
VALVE

THERMAL
RELIEF
VALVE

PRESSURE
RELIEF
VALVE

ACTUATORS

SPEED BRAKE
SWITCH ON 
THROTTLE

SYSTEM IS SHOWN ENERGIZED
SPEED BRAKES RETRACTED.

NOTE:

RETURN TO
HYDRAULIC
RESERVOIR

ADVISORY
LIGHT

SP BRK

FULL

HYD 1 RETURN
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Motor

LINKAGE

NORMAL

From Stick

AILERON

PCU

PCU

Left Wing
(Profile)

Right Wing
(Profile)

M
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RUDDER

RUDDER PEDAL LINKAGE

RUDDER TRIM KNOB

M

RL

RUDDER TRIM

YDAYDC

RP

YAW DAMPER CONTROLLER

YAW DAMPER ACTUATOR

RP

YDC

YDA

M MOTOR
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Aircraft ROLLS

Aircraft YAWS

Aircraft PITCHES Runaway stabilator trim

Rudder hardover,
runaway rudder trim

RESPONSE RELATED MALFUNCTION

AIRCRAFT RESPONSES TO
FLIGHT CONTROL MALFUNCTIONS

Split flaps/slats,
runaway aileron trim
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Release
Handle

Forward
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Footstep

Forward
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Toe
Kick-in
Footstep

Retractable
Footstep

Aft Pull-out
Footstep/Handhold

Non-skid
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Plunger

Glareshield
Handhold

T45
Boarding
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5MODE

HIGH ALTITUDE MODE

MEDIUM ALTITUDE MODE

LOW ALTITUDE MODES

MODE 1 3MODE2MODE

4MODE
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AIRSPEED (KIAS)
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(4.80 + t SEC)*
(4.95 + t SEC)**

(2.90 SEC)*

(3.05 SEC)**

(0.45 SEC)*

(0.32 SEC)**

(1.10 SEC)*

(1.25 SEC)**

(1.30 SEC)*

(1.45 SEC)**

0

* Parachute deployment time after initial seat movement.

** Drogue bridle release time after initial seat movement.

t = Time interval between 4.80 seconds 
and fall to 18,000 feet.
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(9-98) CHANGE 7

LECTURE GUIDE

COURSE/STAGE:  TS, ADV & IUT / Engineering

LESSON TITLE:  OBOGS & ECS/Pressurization System

LESSON IDENTIFIER:  T-45C TS, ADV & IUT   ENG-17

LEARNING ENVIRONMENT:  Classroom

ALLOTTED LESSON TIME:  0.9 hr

TRAINING AIDS:

* Figures
Fig 1: OBOGS Flow
Fig 2: Environmental Control System

STUDY RESOURCES:

* T-45C NATOPS Flight Manual, A1-T45AC-NFM-000

LESSON PREPARATION:

Read:
* Part I, Chapter 2, Sections 2.18, “Environmental Control System,”

and  2.19, “On-Board Oxygen Generating System,” in the T-45C
NATOPS Flight Manual, A1-T45AC-NFM-000

REINFORCEMENT:  N/A
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EXAMINATION:

The student is required to read On-Board Oxygen Generating System/Anti-
G and Environmental Control System and related malfunction paragraphs
in the NATOPS flight manual, receive classroom instruction, and complete
assigned CAI lesson(s).  The student shall demonstrate knowledge by
completing, from memory with 80% accuracy, true/false and multiple choice
block examinations.  The objectives in this lesson will be tested in either
Engineering 29X or Engineering 30X.
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LESSON OBJECTIVES

1.4.16.3.1
Recall major components of the OBOGS

1.4.16.2.1
Recall operating characteristics of the OBOGS

1.4.16.3
Recall function, purpose, and location of the OBOGS controls,
switches, and indicators

1.4.16.1.1
Recall operational check requirements for the OBOGS

1.4.16.2
Recall interfaces between the OBOGS and other a/c systems

1.4.15.3.1
Recall major components of the ECS

1.4.15.2.1
Recall operating characteristics of the ECS

1.4.15.3
Recall function, purpose, and location of the ECS controls,
switches, and indicators

1.4.15.2
Recall interfaces between the ECS and other a/c systems

Original (9-98)
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MOTIVATION

Due to the high altitude environment in which you will be flying the
T-45C, you must know how to use the on-board oxygen generat-
ing system (OBOGS) and environmental control system (ECS) to
accomplish a successful and safe flight.

OVERVIEW

After this lesson, you will understand the OBOGS and ECS and
how to operate them effectively.

In this lesson we will be covering the:

* Major components of the OBOGS
* Operational characteristics of the OBOGS

* Function, purpose, and location of OBOGS controls,
switches, and indicators

* Operational check requirements for the OBOGS
* Interfaces between OBOGS and other a/c systems
* Major components of the ECS
* Operational characteristics of the ECS
* Function, purpose, and location of ECS controls, switches,

and indicators
* Interfaces between ECS and other a/c systems

Original (9-98)
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PRESENTATION

I. Major OBOGS components  1.4.16.3.1

A. OBOGS bleed air shutoff valve:  located on upper left
side of fifth-stage engine compressor

B. Heat exchanger:  located on auxiliary equipment rack, aft
of rear cockpit

C. Temperature switch:  located in auxiliary compartment,
aft of rear cockpit

D. Oxygen concentrator:  located in nose equipment
compartment

E. Plenum:  located between cockpits, below and forward of
aft cockpit rudder pedals

F. Oxygen monitor:  located left side of fwd ejection seat
bulkhead

Overlay 5
Oxygen Monitor

Sg 1, fr 2
Lesson Organization

Overlay 3
Oxygen Concentrator

Overlay 4
Plenum

Figure 1:  OBOGS FLOW

Overlay 2
Temperature switch

Overlay 1
Heat Exchanger

Sg 1, fr 3
(5 overlays)
Fig 1:  OBOGS Flow

OBOGS/SYSTEM

* Major OBOGS components
* OBOGS operating characteristics
* OBOGS controls, switches, and indicators
* OBOGS operational check requirements
* OBOGS aircraft interfaces
* Major ECS components
* ECS operating characteristics
* ECS controls, switches, and indicators
* ECS aircraft interfaces

LEGEND

PLENUM

AFT

FWD

OXYGEN
MONITOR

OVERBOARD

CABIN
DISCHARGE
AIR

TEMP
SWITCH

TO ANTI-G VALVES

MOL
SIEVES

ROTARY
VALVE

INTERNAL
PLENUM

OXYGEN CONCENTRATOR

DIFFUSER

BLEED AIR
SHUTOFF
VALVE

HEAT EXCHANGER

CHECK VALVE

MANUAL SHUTOFF
VALVE

TO COCKPIT

Original (9-98)
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G. Ejection seat (oxygen/communications hose):  both
cockpits

H. Pilot’s personal gear

1. Chest-mounted oxygen regulator

2. Oxygen mask

3. Anti-g suit

I. Pilot services panel:  located left console, both cockpits

NOTE:  The OBOGS/ANTI-G switch is only on the FWD
pilot services panel.

II. OBOGS operating characteristics  1.4.16.2.1

A. Functional description:  OBOGS converts engine
compressor bleed air to oxygen-enriched breathing air at
the correct pressure and temperature.  It uses fifth stage
compressor air from the OBOGS bleed air port.

1. OBOGS bleed air shutoff valve

a. Controls supply of engine compressor air
required to operate OBOGS

b. Controlled by temperature switch

c. Receives logic control signals from OBOGS/
ANTI-G switch and overheat temperature
sensor

d. Directs bleed air to heat exchanger

2. Heat exchanger

a. Receives bleed air from bleed air shutoff valve

b. Reduces temperature of bleed air to level
compatible with oxygen concentrator for
optimum performance

Overlay 1
OBOGS Bleed Air
Shutoff Valve

Sg 2, fr 2
Lesson Organization

Sg 1, fr 9
Pilot Services Panel

Sg 2, fr 3 (9 overlays)
Fig 1:  OBOGS Flow

Overlay 2
Heat Exchanger

OBOGS/SYSTEM

* Major OBOGS components
* OBOGS operating characteristics
* OBOGS controls, switches, and indicators
* OBOGS operational check requirements
* OBOGS aircraft interfaces
* Major ECS components
* ECS operating characteristics
* ECS controls, switches, and indicators
* ECS aircraft interfaces

Original (9-98)
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c. Pulls cool ambient (cabin discharge) air across
core to absorb heat before being exhausted
overboard through diffuser duct

d. Some engine compressor bleed air is directed
through the filtered ejector nozzle in the heat
exchanger and exhausted through the mixer/
diffuser duct.  This action creates suction to pull
compartment air across the heat exchanger.

e. Routes cooled air to overheat temperature
sensor

3. Overheat temperature switch/sensor

a. Monitors bleed air temperature from heat
exchanger

b. When switch/sensor detects temperature
greater than 250 degrees F at any altitude:

(1) Provides signal to OXYGEN warning light
on warning panel

4. Oxygen concentrator

a. Receives cooled air from heat exchanger

b. Filters nitrogen and other contaminants from
cooled engine bleed air, producing oxygen-
enriched air for pilots

(1) Cooled engine bleed air from heat
exchanger passes through inlet filter
and pressure reducer in the oxygen
concentrator to the rotary valve.

(2) Rotary valve directs air to one of two
molecular sieve beds alternately every
five seconds

(3) Sieve bed filters out nitrogen and
contaminants and directs oxygen-rich
air to internal plenum

Overlay 3
Overheat Temperature
Switch/Sensor

Overlay 4
Oxygen Concentrator

Overlay 6
Molecular Sieves

Overlay 7
Internal Plenum

Overlay 5
Rotary Valve

Original (9-98)
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(4) Internal plenum receives oxygen-rich
breathing air from both sieve beds and
directs air to oxygen plenum

c. Directs oxygen-rich breathing air to plenum

5. Plenum

a. Receives oxygen from concentrator

b. Provides a volume of oxygen-enriched
breathing air to meet peak demands

c. Prevents surges in pilots’ oxygen supply

d. Equalizes temperature of breathing air from
concentrator to cockpit

e. Passes oxygen to oxygen/communications
hose quick-disconnects

6. Oxygen monitor

a. Provides BIT using cockpit air

b. Continuously analyzes oxygen-enriched
breathing air

c. Senses low oxygen concentrations

(1) Activates MASTER ALERT

(2) Sounds warning tone

(3) Illuminates OXYGEN warning light on
warning panel

d. Provides rapid warmup (via built-in circuit
heater) during low outside temperature

7. Ejection seat:  manifold provides common duct for
OBOGS and emergency oxygen system

Overlay 8
Plenum

Overlay 9
Oxygen Monitor

Original (9-98)
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8. Pilot’s personal gear

a. Regulator

(1) Delivers oxygen-enriched air at positive
pressure before reaching face mask

(2) Increases pressure automatically at cabin
altitudes above 35,000 ft

b. Face mask:  delivers oxygen-enriched air to
pilot

c. Anti-g suit:  receives pressure via operating air
from OBOGS air supply duct through g valve--
pressure is regulated based on the following
conditions

(1) Increasing positive g forces move activating
weight down compressing a spring,
opening demand valve and initiating
inflation of g suit at approximately 2 g

NOTE:  Maximum inflation occurs at
approximately 6 g

(2) Decreasing g forces allow spring tension to
move activating weight up, opening exhaust
valve and deflating g suit

9. Pilot services panel (left console, both cockpits)

a. Provides immediate connection/disconnection
of oxygen hose to ejection seat

b. Enables manual opening/closing of bleed air
shutoff valve

c. Enables/disables OBOGS flow of oxygen-
enriched air to seat survival kit

d. Provides a built-in-test capability (anti-g system)

Sg 2, fr 14
Pilot Services Panel

Original (9-98)
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e. Provides immediate connect/disconnect to
anti-g hose

PROGRESS CHECK

Question 1 —  1.4.16.2.1
Where in the OBOGS are the nitrogen and contaminants
removed from the compressor air?

ANSWER:  In the oxygen concentrator molecular sieves

III. OBOGS controls, switches, and indicators  1.4.16.3

A. Pilot services panel

1. OBOGS/ANTI-G switch (fwd cockpit only)

a. ON:  turns on OBOGS and anti-g system

b. OFF:  closes bleed air shutoff valve to turn off
OBOGS/anti-g system and illuminates the
OXYGEN warning light

2. OBOGS FLOW selector

a. OFF:  shuts off oxygen flow to oxygen mask

b. ON:  permits oxygen flow to oxygen mask

3. OBOGS hose connector:  provides connection for
ejection seat survival kit

4. ANTI-G suit connection:  quick disconnect
receptacle for anti-g suit

5. ANTI-G PRESS TO TEST button:  when pressed
and held, directs flow of air into anti-g suit for
purpose of checking anti-g system operation or for
providing body massage

NOTE:  The anti-g system is automatically activated
when the OBOGS/ANTI-G switch is set to ON.

Sg 3, fr 2
Lesson Organization

Overlay 1
OBOGS FLOW
Selector

Overlay 2
OBOGS Hose
Connector

Overlay 3
ANTI-G Suit
Connector

Overlay 4
ANTI-G PRESS TO
TEST Button

OBOGS/SYSTEM

* Major OBOGS components
* OBOGS operating characteristics
* OBOGS controls, switches, and

indicators
* OBOGS operational check requirements
* OBOGS aircraft interfaces
* Major ECS components
* ECS operating characteristics
* ECS controls, switches, and indicators
* ECS aircraft interfaces

Sg 3, fr 3 (4 overlays)
Pilot Services Panel

Original (9-98)
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B. OXYGEN warning light:  indicates the OBOGS/ANTI-G
switch is OFF or OBOGS failure when illuminated--either
low oxygen concentration in the system supply or bleed
air temperature exceeds 250 degrees F

C. Oxygen monitor (fwd cockpit only):  continuously
samples oxygen-enriched air for proper concentration
level

D. OBOGS Pneumatic BIT button (fwd cockpit only):  when
pressed and held, activates BIT operation.  Releasing
button deactivates BIT circuit.  The pneumatic BIT button
can be rotated when pressed, locking the button in the
BIT position.  (This is intended for maintenance use.)

Warning:  Testing the OBOGS above 9000 feet shuts
down the OBOGS.

PROGRESS CHECK

Question 2 —  1.4.16.3.1
Where is the oxygen monitor located?

ANSWER:  Left side of fwd ejection seat bulkhead

Question 3 —  1.4.16.3
Which control enables/disables the oxygen-enriched airflow
to each mask?

ANSWER:  The OBOGS FLOW selector

Question 4 —  1.4.16.3
What is the name of the control used to inflate the g suit
and where is it located?

ANSWER:  The ANTI-G PRESS TO TEST button is located on
the pilot services panel.

Sg 3, fr 8
OXYGEN Warning
Light

Sg 3, fr 9 (1 overlay)
Oxygen Monitor

Overlay 1
OBOGS BIT Button

Original (9-98)
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IV. OBOGS operational check requirements  1.4.16.1.1

LESSON  NOTES

Because preflight checks and services will be covered in detail
in later blocks (CO, Fam), they will only be introduced here.

A. Preflight checks

NOTE:  The following italicized steps on preflight checks
and services are excerpted from NATOPS.

1. Exterior inspection

a. Nose section

(1) Ram air inlet - CONDITION

2. Entering cockpit

a. Aft cockpit ( solo flight)

(1) OBOGS FLOW selector - OFF

3. In The Cockpit

a. Oxygen and G-suit leads - CONNECT

4. Interior check

a. Forward Cockpit

(1) OBOGS FLOW selector - OFF

(2) OBOGS/ANTI-G switch - OFF

(3) CABIN pressure altimeter - CHECK

(4) Cockpit air conditioning - NORMAL/AS
DESIRED

Sg 7, fr 2
Lesson Organization

OBOGS/SYSTEM

* Major OBOGS components
* OBOGS operating characteristics
* OBOGS controls, switches, and indicators
* OBOGS operational check

requirements
* OBOGS aircraft interfaces
* Major ECS components
* ECS operating characteristics
* ECS controls, switches, and indicators
* ECS aircraft interfaces

Original (9-98)
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b. Aft Cockpit

(1) OBOGS FLOW selector - OFF

(2) CABIN pressure altimeter - CHECK

5. Starting Engine

a. OBOGS/ANTI-G switch-ON

6. Poststart

a. OBOGS pneumatic BIT button - PRESS
Hold until OXYGEN warning light illuminates.
Ensure light goes out 1 minute after releasing
button

b. Oxygen mask - ON/CONFIRM FLOW

c. ANTI-G test button - PRESS

B. Evaluation criteria

1. When the OBOGS pneumatic test button is pressed,
cockpit air enters oxygen monitor illuminating the
OXYGEN warning light.  The OXYGEN warning light
should illuminate within 65 seconds and extinguish
within 1 minute of releasing the button

NOTE:  Due to the extreme sensitivity of the
pneumatic BIT mechanism, steady uninterrupted
manual pressure on the BIT button is required to
obtain a satisfactory test.

2. Wearing oxygen mask not required during oxygen
test but will speed up testing process

V. OBOGS aircraft interfaces  1.4.16.2

A. Electrical

1. 28 VDC essential services bus provides power

a. OBOGS concentrator/monitor

Sg 11, fr 2
Lesson Organization

OBOGS/SYSTEM

* Major OBOGS components
* OBOGS operating characteristics
* OBOGS controls, switches, and indicators
* OBOGS operational check requirements
* OBOGS aircraft interfaces
* Major ECS components
* ECS operating characteristics
* ECS controls, switches, and indicators
* ECS aircraft interfaces

Original (9-98)
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b. Bleed valve control

2. 28 VDC generator bus provides power to the
OBOGS heater

B. Engine

1. Fifth-stage bleed air

a. OBOGS

b. Anti-g

C. Centralized warning system (CWS) outputs:  OXYGEN
Warning light

VI. Major ECS components  1.4.15.3.1

Sg 4, fr 3
(10 overlays)
Fig 2:  Environmental
Control System

OBOGS/SYSTEM

* Major OBOGS components
* OBOGS operating characteristics
* OBOGS controls, switches, and indicators
* OBOGS operational check requirements
* OBOGS aircraft interfaces
* Major ECS components
* ECS operating characteristics
* ECS controls, switches, and indicators
* ECS aircraft interfaces

Sg 4, fr 2
Lesson Organization

Figure 2:  ENVIRONMENTAL CONTROL SYSTEM
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Original (9-98)
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A. Air conditioning system--major components

1. Main pressure regulating and shutoff valve
(MPRSOV):  located top of fuselage, aft of canopy

2. Primary heat exchanger:  located top of fuselage, aft
of canopy

3. Inducer pressure regulating and shutoff valve
(IPRSOV):  located top of fuselage, aft of canopy

4. Cold air unit (CAU):  located top of fuselage, aft of
canopy, consists of two primary components--
compressor and turbine

5. Secondary heat exchanger:  located top of fuselage,
aft of canopy

6. Temperature control valve:  located top of fuselage,
aft of canopy

7. Water extractor:  located top of fuselage, aft of
canopy

8. Crew ventilation ducts:  located under left and right
canopy rails

9. Defog ducts:  located at left and right base of the
windshield and canopy

10. Ram air intake valves:  located on top of nose cone

11. Ram air outlet valves:  located on the cockpit
forward and aft bulkheads

B. Cockpit pressurization system--major components

1. Pressure control valve:  located on fwd cockpit bulk-
head behind instrument panel

2. Discharge valves (2):  one collocated with the
pressure control valve, the other aft cockpit on
bulkhead behind seat

Overlay 7
Crew Ventilation Ducts

Overlay 4
Secondary Heat
Exchanger

Overlay 5
Temperature Control
Valve

Overlay 6
Water Extractor

Overlay 1
Primary Heat
Exchanger

Overlay 2
IPRSOV

Overlay 3
CAU

Overlay 8
Defog Ducts

Overlay 9
Ram Air Intake Valves

Overlay 10
Ram Air Outlet Valves

Sg 4, fr 14
(2 overlays)
Cockpit Pressurization
System - Simplified

Original (9-98)
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3. Safety relief valves:  located on cockpit bulkhead

4. Canopy seal:  cemented to the seal retaining
channel which surrounds the canopy

C. Avionics equipment cooling system--major components

1. Pressure control valve:  located on fwd cockpit bulk-
head behind instrument panel

2. Discharge valves (2):  one collocated with the
pressure control valve, the other aft cockpit on
bulkhead behind seat

VII. ECS operating characteristics  1.4.15.2.1

A. Air conditioning system:  the ECS system taps air from
a fifth-stage bleed air port.  Airflow through the air
conditioning system is controlled by a solenoid-operated
main pressure regulator and shutoff valve (MPRSOV)

1. MPRSOV

a. Divides airflow into two separate paths

(1) Cold airflow path directs air through the air
conditioning system for cooling

(2) Hot airflow path

(a) Air conditioning system bypassed

(b) Amount of air bypassed is varied by
cockpit temperature control knob
setting

2. Primary heat exchanger

a. Receives bleed air from fifth-stage engine
compressor ECS port

b. Reduces temperature of engine compressor
bleed air before passing it to cold air unit (CAU)

Overlay 1
Discharge Valves

Overlay 2
Safety Relief Valve

Sg 5, fr 2
Lesson Organization

Overlay 1
MPRSOV

Overlay 2
Primary Heat
Exchanger

OBOGS/SYSTEM

* Major OBOGS components
* OBOGS operating characteristics
* OBOGS controls, switches, and indicators
* OBOGS operational check requirements
* OBOGS aircraft interfaces
* Major ECS components
* ECS operating characteristics
* ECS controls, switches, and indicators
* ECS aircraft interfaces

Sg 5, fr 3 (11 overlays)
Fig 2:  Environmental
Control System

Original (9-98)
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3. Inducer pressure regulator and shutoff valve
(IPRSOV):  controls airflow to the inducers

a. When the landing gear is extended, cooling air
is inducted through each heat exchanger by a
cooling air jet pump (inducer)

b. When either the landing gear is raised or the
cockpit air conditioning system is switched off,
the inducers will shut off

(1) Inducer shutoff valve:  compensates for
lack of airflow through primary and
secondary heat exchangers at slow
airspeed when gear down

4. CAU compressor:  compresses bleed air received
from primary heat exchanger

5. Secondary heat exchanger:  dissipates heat gained
during compression by CAU compressor

6. CAU turbine

a. Further cools air received from secondary heat
exchanger by expansion through turbine

b. Airflow through the turbine drives the CAU
compressor

7. Temperature control valve:  controls final
conditioned air temperature by mixing cold air from
CAU turbine with hot airflow path from MPRSOV

8. Water extractor:  reduces water content of air
distributed to cockpit air distribution and canopy
defog systems

a. Water is drained to inlet duct of secondary heat
exchanger

Overlay 3
IPRSOV

Overlay 4
CAU Compressor

Overlay 5
Secondary Heat
Exchanger

Overlay 6
CAU Turbine

Overlay 7
Temperature Control
Valve

Overlay 8
Water Extractor

Original (9-98)
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9. Cockpit air distribution

a. Receives conditioned air from air conditioning
pack

b. Temperature-controlled air distributed to crew
ventilation ducts and head, body, and foot
louvers

c. Ram air and inducer shutoff valves operate
automatically by proximity switches on landing
gear

(1) Ram air valve:  closes during normal
operation when weight-on-wheels (WOW)
switch senses that aircraft is airborne

10. Canopy defog

a. Receives conditioned air from air conditioning
system and engine compressor air during
maximum defog

b. Distributes conditioned air through canopy
defogging ducts

11. Ram air ventilation

a. Inlet/outlet valves operated by air pressure from
canopy seal system

b. Admits air into forward cockpit

c. Expels used air through ram air outlet valve in
aft cockpit

d. Controlled automatically via WOW switch

(1) Ground (weight-on-wheels):  opens ram air
valves automatically on touchdown when
air conditioning system switch is in
NORMAL, DEFOG, or MAX DEFOG
position

Overlay 9
Crew Ventilation Ducts

Overlay 10
Defog Ducts

Overlay 11
Ram Air

Original (9-98)
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(2) Airborne (weight-off-wheels):  with air
conditioning set to OFF, ram air valves
open, providing emergency ventilation

B. Cockpit pressurization system

1. General

a. Pressurization commences with weight-off-
wheels

b. Pressurization increases linearly until attaining
full differential pressure of 4 psi at 40,000 ft
MSL

NOTE:  Cabin altitude may be as much as
2,000 ft below aircraft altitude from MSL up to
an aircraft altitude of 5,000 ft.

c. Provides signal to CABIN ALT warning light if
cockpit altitude exceeds 24,500 +/- 500 ft MSL

2. Pressure control valve:  maintains cockpit pressure
at predetermined value with respect to aircraft
altitude

3. Discharge valves:  control cockpit pressurization by
adjusting airflow out of the cockpit in response to
control inputs from the pressure control valve

4. Safety relief valve:  ensures that positive cockpit
pressure does not exceed 4.8 psi and that inward
negative cockpit differential pressure does not
exceed 0.5 psi

C. Avionics equipment cooling system

1. While airborne, some of the conditioned cockpit air
exhausted through the discharge valves passes
through the avionics compartments on its way to
being discharged overboard

2. On the ground with the canopy open, the diverter
valve directs ECS cooling air from the canopy defog
vents to the avionics compartments

Sg 5, fr 15
(3 overlays)
Cockpit Pressurization
System

Overlay 1
Discharge Valve
Operation
Overlay 2
Cockpit
Pressurization
Overlay 3
Safety Valve
Operation

Change 7 (9-98)
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NOTE:  Closing the canopy diverts ECS air from
avionics cooling to the defog vents.

3. The AV HOT caution light only operates on the
ground and will illuminate if the air temperature in
the avionics cooling ducts exceeds 67 degrees C
(153 degrees F)

VIII. ECS controls, switches and indicators  1.4.15.3

A. Air conditioning system

1. Air conditioning control panel (fwd cockpit only)

a. Cockpit air conditioning knob

(1) OFF:  energizes solenoid to close main
pressure regulating and shutoff valve
(MPRSOV).  Ram air ventilation is
automatically activated

(2) NORMAL:  opens MPRSOV and IPRSOV
(if landing gear extended) to provide air
conditioning and pressurization by directing
approximately 60% of the airflow to the
crew ventilation ducts and 40% to defog
ducts

(3) DEFOG:  Diverts approximately 60% of the
airflow to the windshield and canopy defog
ducts and 40% to crew ventilation ducts

(4) MAX DEFOG:  Opens max defog valve to
allow additional supply of hot air mixing with
cold airflow

b. Cockpit temperature control knob

(1) AUTO:  cockpit temperature automatically
controlled by positioning the knob toward
COOL or WARM position to maintain
desired cockpit temperature setting

Overlay 2
Cockpit Temperature
Control Knob

Sg 5, fr 19
AV HOT Caution Light

Sg 6, fr 2
Lesson Organization

OBOGS/SYSTEM

* Major OBOGS components
* OBOGS operating characteristics
* OBOGS controls, switches, and indicators
* OBOGS operational check requirements
* OBOGS aircraft interfaces
* Major ECS components
* ECS operating characteristics
* ECS controls, switches, and

indicators
* ECS aircraft interfaces

Sg 6, fr 3
Air Conditioning
Control Panel

Overlay 1
Air Conditioning
Control Knob
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(2) MANUAL (spring-loaded to center):  cockpit
temperature is manually controlled by
positioning and holding knob at desired
COOL or WARM position (6-12 seconds
from full cold to full hot and vice versa)

2. CABIN ALT warning light:  Indicates air conditioning
system failure caused by overpressure to CAU
compressor, CAU compressor outlet temperature
above 500 degrees F, CAU turbine inlet temperature
above 250 degrees F, or cockpit pressurization
failure when CABIN pressure altimeter indication
exceeds 24,500 +/- 500 feet

B. Cockpit pressurization system

1. Canopy control lever safety catch

a. Press outboard:  deflates canopy seal

b. Close:  Inflates canopy seal if the canopy is
closed

Sg 6, fr 5
CABIN ALT Warning
Light

Sg 6, fr 6
Fig 3:  Canopy Safety
Catches

Fig 3:  Canopy Safety Catches
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2. CABIN ALT warning light:  indicates cockpit
pressurization failure.  Illuminates when cabin
pressure altimeter exceeds 24,500 +/- 500 feet
indication

3. Cabin pressure altimeter:  Indicates cockpit pressure
altitude

C. Avionics equipment cooling system:  AV HOT caution
light illuminates when air temperature in avionics cooling
air duct exceeds 67 degrees C (153 degrees F).  Light
illuminates only when the aircraft is on the ground

NOTE:  In the event of an AV HOT caution light, opening
the canopy will redirect ECS air from defog to the
avionics.

PROGRESS CHECK

Question 5 —  1.4.15.3.1
Of what three subsystems does the ECS system consist?

ANSWERS:
1. Air conditioning
2. Pressurization
3. Avionics equipment cooling

Question 6 —  1.4.15.3
What is indicated by the illumination of the CABIN ALT
warning light?

ANSWER:  Cockpit pressurization or air conditioning failure.
Light illuminates when cabin pressure altimeter exceeds 24,500
+/- 500 ft indication, overpressure to CAU compressor, CAU
outlet temperature above 500 degrees F, or CAU turbine inlet
temperature above 250 degrees F.

Sg 6, fr 7
CABIN ALT Warning
Light

Sg 6, fr 8
Cabin Pressure
Altimeter

Sg 6, fr 9
AV HOT Caution Light
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IX. ECS aircraft interfaces  1.4.15.2

A. Electrical inputs

1. 28 VDC essential services bus

a. Cockpit air conditioning control

b. Cabin pressure control 1

c. Cabin pressure warning

2. 28 VDC generator bus:  cabin pressure control 2

B. Engine inputs:  fifth-stage bleed air

1. Cockpit air conditioning

a. Defog

b. Temperature control

2. Pressurization system

3. Avionics cooling system

4. Ram air vent system control

C. Centralized warning system (CWS) outputs

1. CABIN ALT warning light

2. AV HOT caution light

Sg 8, fr 2
Lesson Organization

OBOGS/SYSTEM

* Major OBOGS components
* OBOGS operating characteristics
* OBOGS controls, switches, and indicators
* OBOGS operational check requirements
* OBOGS aircraft interfaces
* Major ECS components
* ECS operating characteristics
* ECS controls, switches, and indicators
* ECS aircraft interfaces

Sg 8, fr 3
Warning and
Caution Advisory
Light Panels
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Sg 10, fr 1
Review Menu

SUMMARY

This lesson has covered the:

* Major components of the OBOGS
* Operational characteristics of the OBOGS
* Function, purpose, and location of OBOGS controls,

switches, and indicators
* Operational check requirements for the OBOGS
* Interfaces between OBOGS and other a/c systems
* Major components of the ECS
* Operational characteristics of the ECS
* Function, purpose, and location of ECS controls, switches,

and indicators
* Interfaces between ECS and other a/c systems

CONCLUSION

OBOGS/ECS are the primary life support systems on the T-45C
aircraft.  Knowing how to operate them properly and how to
analyze any malfunctions is critical to the well being of your

Original (9-98)


